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This research is concerned with providing a means to rapidly answer

"what-if" questions about force structure problem for the Air force

Wide Mission Area Analysis Division (AF/xOXR-HAA). Currently,

AF/XOXR-MAA uses a deterministic computer model known as the Arsenal

Exchange Model (AiM) to answer 'what-if" type questions. However, three

hours of wall-clock time are required for Just one ARM execution.

Retponse Surface Methodology (RSH) techniques that include experi-

mental designs and regression analysis are automated by Fortran-77 code.

For user defined problem, this automated RSH package replaces the ARM

with a second-order polynomial equation. The polynomial equation can

then be used to answer "what-if" questions in "real time* through its

predictability powers and/or through applied informational analysis.

An eighteen-variable (reduced to twelve variables) example is used

to show how well the automated RSM package works with the ASH. The

exampl. is ran on AFIT's VAX 11/785 main-frame computer. Also, from the

main-frame's software collection, the Statistical Analysis Software

(SM) package is used to verify the regression analysis portion of the

automated RSH package.
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AUTOMATING RESPONSE SURFACE METHODOLOGY
FOR THU ARSENAL EXCHANGE MODEL

Chaoter One: The Problem

Introduction

This research effort is concerned with automating Response Surface

Methodology (RSM) to the Arsenal Exchange Model (AEM). The purpose is

to develop a model that can substitute for the ASM. However, the alter-

nate model will be able to more quickly produce a response while

increasing the capability of Informational analysis (defined in the Key

Terms section of this chapter). This research endeavor is in response

to a problem faced by the Air Force Wide Mission Area Analysis Division

(AF/XOXR-MAA).

This chapter defines and gives some background to the problem;

lists the research objectives, scope, and assumptions; and, cites the

problem solving methodology. Chapter Two contains the literature review

on previous applications of RSM to deterministic and stochastic models.

Also, Chapter Two describes the AIM and delineates the elements of RSM.

The automated methodology steps along with the programming tools that

automate the methodology is outlined and explained in detail in Chapter

Three. Chapter Four explains how the automated RSM works through an

example AF/XOXR-MAA problem. Chapter Four presents the results of

applying the methodology to the similar AF/XOXR-MAA problem, and Chapter

Five closes this report with observations, conclusions, and recommen-

dations.

1
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Problem Background

The Air Force Wide Mission Area Analysis Division (AF/XOXR-MAA)

evaluates the US strategic offensive capability by allocating strategic

offensive resources ". . . to maximize strategic offensive capability in

accordance with assigned mission area importance and goals" (23:2). For

the evaluation, data is gathered from a deterministic model known as the

Arsenal Exchange Model (AEM). The AEM allocates US strategic offensive

resources according to national targeting guidance and evaluates the

success of the allocations through damage expectancy calculations.

In addition to measuring the success of US resource allocations, a

significant part of the evaluation is the use of informational analysis

to answer "what-if" questions. Usually, informational analysis is

performed, through conventional methods, by varying one ASK parameter at

a time and executing the AEM for each parameter change. Therein lies

the problem. According to AF/XOXR-MAA's Major Leonard, the AEM requires

approximately three hours (50 minutes CPU time) to make one execution

(16). Since each execution of the AEM takes approximately three hours,

answering "what-if" questions is very slow. Consequently, according to

Major Leonard, there is currently no way to rapidly answer predictable

"what-if" questions about force structure and other parameter changes

(16).

Research Problem

Automate the application of Response Surface Methodology (RSM) to

the AEM to rapidly predict ASK output from approximated polynomial

equations and to assist in performing informational analysis for the Air

Force Wide Mission Area Analysis strategic offensive mission area.

2
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Reseach Question

Can Smith's RSM variant be automated with the ASM to allow accurate

predictability, give time efficient informational analysis, and produce

more information from the analysis (25;26;27)?

Research Objective

Automate Smith's RSM variant with the AIM, document the automation,

and then demonstrate the automation to AF/XOXR-MAA by applying the

automated RSM to a strategic force structure problem.

Key Term

Smith's RM Variant. Smith's RSM variant is the application of RSM

to deterministic models to enhance informational analysis capabilities

(25;26;27). The RSH composition includes a postulated model of the true

response surface (usually a low-order polynomial equation), an experi-

mental design that explains how to gather the data necessary to estimate

the postulated model, and regression analysis to perform the estimation

of the postulated model's coefficients.

Arsenal Zxchanae Model JAW. The AIM is a linear, goal-

programing, weapon-to-target optimal allocation model (5). The AEM

specifically addresses strategic force analysis and design problems

(5:1-1).

Informational Aaysis. Informational analysis refers to any

method that generates "additional" information for the decision maker

beyond that of Just the solution obtained from solving the problem using

baseline problem data and assumptions. Informational analysis involves

examining the impact of changes to the problem composition, such as

variables, coefficients, objectives, weighting factors, and/or

3



constraints. Applying informational analysis to a problem's composition

helps a decision maker understand how sensitive a solution may be to

certain problem components.

Subsidiary Objectives

Automation. Perform the necessary coding to automate the RSM

variant with the ASH. "Necessary coding" involves allowing user input

for problem definition, parameter coding and decoding, coded and decoded

experimental design generations, ASH data collection, and regression

analysis.

lm §StI. Develop an unclassified multiple objective weapon-to-

target allocation problem similar In dimension (weapons, targets, etc.)

to the type used in the AE/XOXR-KAA strategic offensive mission area.

This includes AF/XOXR-MAA designating the important variables (those to

which Informational analysis would be applied) to be used with the AIM.

Response Surface. Develop a response surface for each objective by

varying several key parameters over their expected range. The number of

parameters will be sufficient to make this automated RSM process useful

to AF/XOXR-MAA.

Validation. Bach response surface equation is an alternate model

that replaces the AIM for each objective. The alternate models will

estimate the Ai's responses for any given set of input. However, to

insure the alternate models can be used in place of the ARM, the alter-

nate models are validated. The response surface equations are validated

by comparing their responses to responses generated by the ARM using the

same random input. The alternate models can be used if the results of

the comparisons are within user limits.

4



Ovalutjijo. Evaluate the use of informational analysis for

AI/XOXR-KAA through graphs and plots of the problem's components.

Poztabilliz. Examine the portability of this automated RSH process

to AF/XOXR-HAA. To a degree, the automation objective is encompassed by

portability because the type of coding and use of the coding must be

compatible between APIT and AF/XOXR-KAA computer system.

Recomendations. Examine the possibility of further automation to

include the use of other postulated models and experimental designs.

ScoDOe/Assntions

Joble. A problem with five objectives is evaluated. Four of the

five objectives measure the results of weapon-to-target (resource) allo-

cations through mutually exclusive target categories: leadership/

communication, comand, control, and intelligence; strategic nuclear;

conventional; and industrial/economic. The fifth objective measures the

overall resource allocation results. The measure of effectiveness for

each of the five objectives is damage expectancy (DI) which is The

probability of achieving a desired level of damage, considering

prelaunch survivability, weapon system reliability, weather/darkness

factors, penetration probability and weapon effects" (8:11).

trol m IM. Problem composition is similar to AF/XOXR-MAA

problem: resource allocation goals (damage expectancy) are setup; the

allocations themselves are defined; targeting strategies and targeting

priorities are employed; and the targeting constraints are listed.

However, the problem will not be classified, as are the AF/XOXR-MKA

problem. An unclassified problem will allow wider dissemination and

application of the results of this thesis.

5



ftKez . The range of each factor is fixed. If the rame of

a factor increases, i.e., the factor's minimum and/or maximum level

changes so that the factor's new range becomes larger than its formr,

the entire process of generating RaN curves has to be repeated (27:62).

I nprlation. Eq XU IAPLATLQI can be performd beyond the ranges

of the factor levels (27:62). The scope of the surface as described by

the polynomial equation is limited by the ranges of the variables used

to "fitO the polynomial equation. Therefore, it is dangerous to deduce

any results outside the scope of the surface.

MAnntmia. The automation process begins with ANl data input.

The data is then organized according to the applicable experivental

design. The automation continues by controlling AIN executions and

collecting all UN output. Finally, the automation is complete when a

regression package uses a coded version of the experimntal design with

the ARM output to select the variables of the postulated model.

lIina..iLa. Bach obJective's response surface can be approximated

by a second-order polynomial. The second-order polynomial equation is a

popular model and has previously been used with other arsenal exchange

models in previous theses (i.e., Graney's, Ishihara's, and Johnson's

which are discussed in Chapter Two (11;14;15)).

Abridged Nthodolog

A weapon-to-target allocation problem is first setup. An appli-

cable experimental design is used to gather ARM output which is then

used as input to a regression analysis technique. The output from the

regression analysis is then used to construct the polynomial equations

that represent the ANM. The polynomial equations are validated, and,

6



follovlnq a successful validation, the polynomial equations are used for

AM predictability and for Informational analysis.

This chapter described the research problem, listed the research

objectives and associated scope/assumptions, and briefly described the

problem solving methodology. The next chapter reviews literature

involving previous work done on the application of Smith's RSH variant

to deterministic and stochastic models. Chapter Two also examines the

Ann and reviews literature on the elements that constitute RSM, i.e.,

response surfaces, experimental design, and regression analysis.

7
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Chapter w Lieaue ev

First, a definition is presented on the tern *Smith's RSM variantO.

Second, a search through earlier AFit theses is accomplished to show how

Smith's RSM variant was previously applied. Next, the AM, the model

whose output is to be OcapturedO through the automated RSH process, is

briefly described. The components of RS are then expounded upon so

that the reader becomes familiar with the Oworkingsw of RSM. Finally,

to orient the reader, the applicability of RSH to the ARM will be shown

throughout this chapter.

u1 hIa Vari ant

Before describing the RSH variant, the classical use of RH is

first defined. A good definition of classical RSH is given by Douglas

Montgomery:

Response surface methodology, or RSM, is a collection of
mathemtical and statistical techniques useful for analyzing
problem in which several independent variables influence a
dependent variable or response, and the goal is to optimize
this response. (20:445)

The RIM variant was first formulated and used by Smith in his

dissertation (25). Later, in two separate papers (the latter an update

of the first), Smith and Mellichamp explained the purpose for this RSH

variant:

• . . provides an expanded capability for conducting a more
valuable analysis in a complex environment. It provides a
picture of what is happening within the model being used for
the study. It also provides insight into the relationship
among the factors under study. Vhat if' analyses can be
conducted economically and in real time without the necessity
to obtain new computer outputs. Derived contributions of each



parameter to the value of the measure of effectiveness and
ratio comparisons of the different coefficients of the model
parameters provide a new measure of effectiveness for
comparing the worth and capability of one system vs another
within the context of the model. (26;27)

Thus, the goal of Smith's RSN variant is not to optimize a response, as

is the goal of classical RON, but rather to facilitate the use of

Informational analysis as applied to deterministic models.

Previou Amp LigatM

There has not been any previous work done to automate RON with the

MW; thus, aptXying the RS to the MN through automation is the unique

contribution of this thesis. Smith's RSH variant has, however, been

used in previous AlIT theses. specifically, from 1963 to 1986, nine

students have applied the RON variant in their theses. To highlight the

use of Smith's RON variant, the following paragraphs briefly explain the

purpose, the deterministic model used, and how the use of Smith's RSH

variant Improved informational analysis for each of the former AlIT

theses. The theses are recounted in chronological order.

Cooke was the first to use Smith's RON variant (4). His objective

was to develop a goal programing approach which would . . . optimize

combat power delivered to a theater during a specified tim, within

acceptable levels of force sustainabilityg (4:viii,4). Part of the goal

programing approach was for Cooke to develop his own deterministic

model to give . .. a multi-objective optimization which addresses

Intertheater movement, intratheater movement, and deployable unit capa-

bilities* (4:1). The other part of the goal programing approach was

the use of the RSH variant to enable full parametric Informational

analysis (4:vlii). Cooke praised the SH variant in his conclusions:

9



. . . it has been demonstrated that a flexible response
surface mathodology can result in a reduction of a fully
computerized and intricate large scale model to an equation
which can be programmed on a hand-held calculator, and with
which major force design concepts my be rapidly searched,
with minimal probable error. (4:130)

Next, Graney applied Smith's RSH variant to an aggregated strategic

nuclear exchange model with a non-comensurate, two-objective problem

(11). His problem was to show the optimal trade-offs between the

responses to the two objectives over their entire operating domain

(11:vii). The objectives were to maximize the damage expectancy for

both counter-force and counter-value targets. Graney also reported the

advantages of increased informational analysis from using Smith's RSM

variant:

The mthodology's advantage over other multicriteria decision
theories is its ability to consider large numbers of
alternatives, show the 1's comparisons throughout the range
of alternatives, and use non-comoensurate measures of
effectiveness. (11:79)

Hanacapilli used Smith's RSH variant for the purpose of . . . the

identification of cost effective strategic force sixes* (lO:vii). For

his work, Kanacapilli used an arsenal exchange model as his deter-

ministic model. Kanacapilli postulated that an economic production

function could capture the output of the deterministic model and,

coupled with Smith's uSN variant, increase informational analysis:

. . . economic production functions can be easily fitted to
the response surface of a deterministic model and that the
information gained from the fitting of these economic
production functions can provide insight into the production
process that will be useful to a decision maker. (18:6.4)

Heitzler applied Smith's RSH variant to AJALC's Budget/Readiness

Analysis Technique (BRAT) model (19). BRAT is a deterministic simu-

lation model that converts levels of logistic resources into a sortie

10I
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rate (19:vii). Sven though BRAT is relatively quick to operate, no

informational analysis had been applied to it, so Heitzler's problem was

to extract informational analysis from the BRAT (19:22). Therefore, the

purpose of Keitzler's thesis was to Improve BRAT's ability for 0...

efficient multi-dimensional sensitivity (informationall analysis"

(19:vii). Keitzler concluded that the fitted response equation ".

provides an approximate answer to a 'what-if' question without using the

time and computer resources necessary to rerun BRAY' (19:103).

Sparrow applied RSM In a more classical approach to explicitly

express the relationships between the input and output factors of a

simulation program (28). The purpose of her thesis was to facilitate

the use of sensitivity (informational) analysis between the input and

output factors of a simulation model (There has been some work in

applying RSH to stochastic models, such as simulation models, for

several years but specifically to optimize simulation output rather than

to fully describe the surface). Sparrow's method was to automate RSH as

a user-friendly computer package that could be attached to any Fortran

based simulation model (28:4). The usefulness of Sparrow's application

was that it revealed the relative importance of the simulation model's

input factors to its output and illuminated the interdependence between

pertinent factors within the simulation model (28:3).

Libby's thesis dealt with determining 0. . . the cost of with-

holding ICBs from launch until after detonation of Soviet missiles,

even if there is warning of an attack" (17:1-13). Libby's analysis was

threefold:

First, a relative measure of military effectiveness and cost
for the current US ICBM force will be determined as a base-
line case. Force modernization options are then investigated

11
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fox their contributions to effectiveness and costs. Second,
the trade-offs between modernizing the force structure vith
new weapon system and a launch before impact policy are
studied. At this point, a method for computing the cost of
withholding a missile that is under attack is presented and
sample calculations are made. Third, a discussion of the
uncertainties and risks of a launch before impact policy, in
light of the cost savings incurred, conclude the analysis.
(17:1-15)

Just like Graney and Hanacapilli, Libby also used an arsenal exchange

model as his deterministic model. Also, as Graney and Kanacapilli

ascertained, Libby discovered how useful Smith's RSN variant is for

informational analysis:

The use of response surface methodology in conjunction with
deterministic models (Smith's RSM variant] is the key to
analysis of a launch before impact. without it, the
conventional approach of making a limited number of runs on an
arsenal exchange model would not provide such a detailed
description of US ICBM effectiveness. indeed, the methodoloqy
condenses the results of specifically defined experiments into
one equation which can be manipulated as desired. (17:7-1)

Johnson also applied Smith's RSH variant to an arsenal exchange

model (15). Johnson used a deterministic model called the Allot

computer program: a linear programing based arsenal allocation model

used by SAC analysts (15:vi,72). The purpose for Johnson's thesis was

to develop a substitute model, in equation form, for the arsenal

exchange model that insured accurate predictability and increased infor-

mational analysis:

. . . to capture the output of this nuclear exchange model
(ALLOT] into a single equation which provides the relative
contributions to the overall method of effectiveness of any of
the factors chosen and permits efficient multi-dimensional
impact analysis of the selected model parameters. (15:vi)

Johnson's results, as favorable as previous results on the use of

Smith's RSN variant, promised increased awareness of force structure and

employment concerns:

12
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This capability Ismith's applied RUM variantl will allow
analysts to investigate the nature of this model and explore
the response surfaces generated in force structure analyses.
The model (with the RON improvement) should provide a new
dimension of insight into force structure and force employment
issues and allow analysts to answer questions concerning the
relative importance as well as the interaction of the
parameters in the problem that are being modeled. (15:73)

Donovan applied Smith's RON variant to a macroeconometric deter-

ministic model (9). The purpose for Donovan's thesis was . . . to

apply response surface methodology (Smith's RS variantl to a macro-

econometric model to facilitate better analysis with the modelw

(9:viii). From the response surfaces that represent the output to the

macroeconometric model, Donovan derived multipliers . . . to charac-

terize the static and dynamic properties of econometric models and to

conduct policy simulationsm (9:50). As with previous theses, Donovan

also had success with Smith's Rsh variant:

The advantage of response surface derived multipliers over
multipliers derived by model linearization is that the model
does not have to be linear or near linear for multipliers to
be valid over a wide range of variable values. In addition,
significant interactions and higher order effects can be
identified. The advantage of response surface multipliers
over control-disturbed multipliers is that they more
completely characterize the relationships in the model and
reduce the number of runs required to estimate multipliers.
(9:88)

Finally, Ishihara investigated the possibility of improving Smith's

RSH variant (14). Ishihara's problem was to compare experimental

designs for efficiency (14:1-8). The experimental designs were of two

types: bias minimizing and variance minimizing designs. Bias mini-

mizing designs try to minimize the error between the postulated surface

and the actual surface over a region while the variance minimizing

designs try to minimize error due to sampling (14:1-2). Because deter-

ministic models have no sampling error, only bias minimizing designs,

13



not variance minimizing designs, would be used with Smith's RSK variant.

However, according to Ishihara, . . . Kanacapilli (181 showed that a

bias minimizing design required more design points than a variance

minimizing design while gaining only a small improvement in the fit of

the postulated surface' (14:1-8). Ishihara used a deterministic nuclear

exchange linear programing model to show that . . there were no

significant differences between the two types of experimental designs,

provided that the designs maintained certain characteristics, such as,

rotatability and orthogonality" (14:4-4). (The terr "rotatability" and

*orthogonality" are explained later in this chapter.) However, Ishihara

also reported that:

. . . more design points improves accuracy, provided the
points are spread throughout the entire surface. Similarly,
if the region of interest is spherical, a rotatable design
improves the accuracy of the response equation. (14:4-2)

Therefore, even though no significant differences were found between

bias and variance minimizing designs, the effectiveness of a response

equation may depend on which experimental design requires more design

points (14:4-2).

Previous a Su air.. The preceding account of theses that have

applied Smith's RON variant have all reported the usefulness of the RSH

variant to informational analysis. First, time, an important factor for

any analyst when performing informational analysis, was decreased

because extra runs of the deterministic/stochastic model, due to conven-

tional methods of informational analysis (vary one parameter at a time

syndrome), were not necessary. Second, by using the RON variant as

opposed to conventional informational analysis methods, much more Infor-

nation ws generated: the relative worth of each factor, the contri-

14
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bution to the response per a unit of each factor, etc. (27:63). (These

two advantages are demonstrated in Chapters Four and Five.)

The previous theses also proved that arsenal exchange models could

be used as the deterministic model In the RSM variant. Of the nine

theses, five of them used an arsenal exchange model as their determi-

nistic model. And, of those five, Johnson's work is most closely

related to the effort put forth in this thesis. But, it is the combined

success of these prior theses with arsenal exchange models that provides

a basis for applying the RSN variant to the AN.

TheW1

As defined in Chapter One, the ARM is a linear, goal-programing,

weapon-to-target optimal allocation model (5). Furthermore, "The ASK is

an aggregated, two-sided strategic exchange model with a diverse set of

scenarios and analyst controls' (6:2).

The Martin Marietta Corporation originally developed the ANN in

1965 to help understand the TITAN weapon system (6:2). However, since

Its conception, the ARM '. . . has developed into a general purpose

force analysis model' (6:2). Today, the ARM I. . . has become one of

the most widely used strategic force analysis models in the defense

co--unityN (6:2).

The AS is used for many diverse types of strategic force analysis

problem: strategic weapon system analysis, strategic nuclear policy

support, arm control, force management, intelligence support, and/or

general strategic calculations (6:2). For any type of problem, "The AiM

perform optimal allocations for either side in a scenario and evaluates

damage attained by the allocations' (6:2).
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The ASM uses the dual variables that are always associated with

linear programing to solve problem (6:22). The dual variables, or

mathematically, the lambdas, allow the ASK to decompose its problem

into a sequence of smaller, more manageable linear programs (6:22).

This decomposition decreases the solution time and produces the same

results as would have been produced If the problem had been solved as a

single, gigantic linear programing problem (6:22). (Note: It is beyond

the scope of this thesis to explain duality theory. The dual variables

are only mentioned to Inform the reader about the process that ARM uses

to solve its problem. More indepth information on duality theory can

be obtained in Chapter Three of Hillier and Lieberman, Chapter Right of

Ignizio, and/or Chapter Four of Vu and Coppins (12;13;30).)

Input to the AIM is very flexible. The AI allows for multiple-

objective type problem to be inserted as goals. The goals are solved

preferentially according to user-defined priorities. Scenario-type

input is mainly in the form of weapons and targets. The ASK receives

weapon and target inputs ranging from the number of weapons and targets

available to weapon and target system characteristics (i.e., weapon

reliability and target hardness). Constraints are received in the form

of weapon-to-target allocation rules and strategies and information

uncertainties. A M's characteristic of flexible input is a prominent

reason why the AIM is a widely used strategic force analysis tool.

The ARM has the capability of producing vast output. But, the

amount of output generally depends on what type of problem the AIM v

solving. Predominately, though, the optimal weapon-to-target alloca-

tions and the AI response (damage expectancy) to any or all objectives

are almost always desired.
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One of the quickest ways to learn the ASH is to apply its user's

manual to specific problem. The AIM's users' manual has been updated

to reflect the 1985 revision to the AIM (6). To help understand the AIM

algorithm, texts on linear/goal programing by Hillier and Lieberman,

Ignizio, and We and Coppins provide excellent starts (12;13;30).

The methodology of Smith's RSM variant is to fit a response surface

to the output of a deterministic model. Intrinsic to Smith's RSM

variant and classical RSH are experimental design techniques and

regression analysis. Experimental design techniques explain how to

collect data from a model, deterministic or stochastic, while regression

analysis uses the collected data to fit and/or allow Inferences to be

made about the postulated model. More on RSM can be found in Box and

Draper, Montgomery, or Myers (3;20;21): Box and Draper have recently

combined their efforts to produce a book with some excellent chapters on

the components of RSM; Montgomery devotes one chapter to the purpose and

use of RSM; and Myer's text is the only text devoted entirely to RSM.

* umlin . There are a few assumptions upon which RSM is based.

iyer's text has concisely listed these assumptions:

1. A structure %=f(X*,X2,...,Xk) exists and is either very
complicated or unknown. The variables involved are
quantitative and continuous.

2. The function f can be approximated in the region of
interest by a low-order polynomial

3. The independent variables X,,X2,...,Xk are controlled in
the observational process and measured with negligible
error. (21:62)

1 f--~- f . Probably the crux of RSM is the assumption that

the structure of the output for the deterministic or stochastic model

can be postulated by a low-order polynomial equation. The output of any
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model can be viewed as a k4l dimensional surface if all responses to

Increment variations in the input variables were gathered and plotted in

k4l space (k is the number of input variables). Polynomial equations

can usually be thought of and sometimes pictured as a surface. In three

dimensions, especially if enough of the output is collected and plotted,

a surface (response surface) would be visible and this surface would be

mathematically explained by the polynomial equation.

The most coin type of low-order polynomial equations are those of

either first or second order. These two types of equations can be found

in almost any statistical reference book:

k kk

Yi. = 1o + 2 ,X, + It J. ,XXj + 16,XE ca. (2.2)

itj

where

k represents the number of independent input variables.
I = 1, 2, 3, . . • , N where N represents the total

number of observations (responses from the mode l).
= 1, 2, 3, . . . , n where n represents the total
number of replications at an observation.

Equation 2.1 is a first-order polynomial equation while equation 2.2 Is

a second-order one. For both equations, the response termI s the

variable located on the left side. The first term on the right side of

both equations is the intercept. To the right of both intercepts are

the linear term . They are shown groupd together by a summtion

' symbol. Ginear term represent the main effects of the equation.

Following both sets of linear terme is the summtion of cross term

."

repreentin th cro ef2fects of the eqain (Th f ~X ist(2.2e

isJ

whr
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equation (2.1) need not contain the cross term If the user doesn't

believe interaction exists.) For equation 2.2 only, the last set of

term is the sumation of second-order term, each representing a pure

quadratic effect for the second-order polynomial equation. The last

term for each equation Is the error term associated with each response.

The error term is a very influential part of the equation for it can

control the experimental design selection, and/or it can be used to

Judge the fit of the polynomial equation.

Invariably, when choosing an alternate model to postulate the real

model, of high Importance is the need to obtain as much Information as

possible from that postulated model. Not only should the postulated

model accurately predict the real model, but it should also contribute

additional information through informational analysis. Therefore, the

choice for the postulated model is important because not all postulated

models are amenable to Informational analysis. The polynomial equations

of 2.1 and 2.2, though, are excellent choices for postulated models

because they are very conducive to Informational analysis provided they

are constructed with experimental designs that insure rotatability and

orthogonality between the model's term (refer to the Rxperimental

Designs subsection of this chapter).

Iquation 2.1 or 2.2 is called the "postulatedO model when either is

used to represent the output of some *real* model. The choice of which

equation to use is dependent upon the user's understanding of the real

model and/or the eventual use of the postulated model. But, once an

equation is picked as the postulated model, the coefficients of that

model will need to be estimated. The first step towards estimating the

coefficients is the selection of an experimental design.
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e~jlgs j in *,. The estimation of the postulated model's

coefficients is actually done through multiple regression, which is

explained later in this chapter. However, multiple regression requires

data, and this data has to be obtained from the real model. But, how

much data is enough; what should the values of the model inputs be; and

how many replications, If any, should there be?

Experimental designs were developed to answer those questions and

*' to fulfill other purposes. Experimental designs explain how much and

from which model variables data should be collected. In doing so,

though, experimental designs also fulfill another function: results and

conclusions drawn from Informational analysis are correct and valid

(20:2). So, experimental designs not only explain how much data to

collect, but they also insure the collection is correctly accomplished

so that any analysis of the fitted model will give valid and objective

results (20:1-4).

By explaining "how* the data should be collected, the experimental

design is actually minimizing the expected mean square error averaged

over the response surface (2:622). error naturally occurs as a result

of using the postulated model, but, error can also occur from the postu-

lated model's formulation (2:622). The first type of error, called bias

error, occurs when a postulated model is used in place of the actual

model. variance error, the second type of error, can occur from the

data that is collected to estimate the coefficients of the postulated

model. An experimental design attempts to collect data from the real

model so as to minimize the magnitude of the error term.

For equations 2.1 and 2.2, error is accounted for in the error

term associated with each response, i.e., L o.. or any input, this

20
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error term is the difference between the real response (4) and the

postulated response (Y). And, it is this error term that contains the

two components of error: variance and bias. The variance error occurs

from sampling the sane data point, i.e., the different responses that

occur from the same set of model Input. The bias error appears when the

postulated model's surface is not an exact copy of the real model's

surface, i.e., the error between the postulated and real response

surface. So, an experimental design's objective, when explaining how to

collect data from the actual model for the purpose of estimating the

postulated model (equation 2.1 or 2.2), is the minimization of the

expected man square of the error term associated with the postulated

model, i.e., the Ca..

There are many types of experimental designs. They are labelled by

their purpose, use, and characteristics. Since error is composed of

bias and/or variance, experimental designs are classified according to

the type of error they minimize: bias-minimizing designs, variance-

minimizing designs, and designs that try to minimize both types of error

for any type of model (29). Ixperimental designs are also grouped by

their use, i.e., the type of experiment or situation they are used for.

Last, experimental designs are also classified with respect to their

characteristics such as efficiency, orthogonality, and rotatability.

Variance-minimizing designs are usually appropriate when the user

believes that there is more variance error than bias error. Conversely,

bias-minimizing designs would probably be appropriate if the user

believes that there is more bias than variance error or if the model is

deterministic (no variance error). However, Ishihara points out that

these assumptions alone might not suffice for design selection (14).
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sxperimental designs have very wide and diverse usage. They are

employed with agriculture, chemistry, advertising and sales, social

statistics, and in many other areas. The model can be stochastic or

deterministic and the data can be empirical or computer generated. The

use for experimental designs are limitless.

The characteristics of a design can be crucial to the design

selection. Of the characteristics noted above (efficiency, orthogo-

nality, rotatability), design efficiency might be the most decisive

characteristic because resource availability constricts the entire

experiment. For instance, if computer time is very expensive or almost

nonexistent, the design efficiency for this example (required number of

computer runs) would probably be the determining factor for design

selection. Another resource availability example might be the abundance

of proper weather and/or land for an agricultural experiment. Likewise,

for a chemical experiment, the amount of chemicals and their costs when

required for a chemical experiment would be important in selecting a

design. Resources become scarce, either naturally or otherwise, there-

fore the ability of a design to sake the most of what is available

(efficiency) can be the most important criteria for design selection.

Besides efficiency, there are two other important design charac-

teristics: orthogonality and rotatability. These characteristics

pertain to how easy Information is obtained, through informational

analysis, from the postulated model, and to how reliable the information

is when extracted anywhere over the range of the problem.

Orthogonality is the property that ensures the data collected by

the experimental design will lead to independent factors for the

response equation (:587). The independence of the factors will allow
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Informmtion to be obtained more easily through Informational analysis.

Chapter Five shows some of the informational analysis results taken

directly from the response equations containing independent term .

Orthoqonality can be accomplished by *codinq" the real model's

Input. The actual input is scaled to numbers that satisfy the mathe-

matical requirement for orthogonality (independency between all colums

of the design matrix) (3:20,21;21:43,166-174):

X! = (iX - A,6) / Be (2.3)

whre

X! is the coded variable.
X, is the actual variable.
A is the midpoint between the highest and lowest value

for the actual variable.
B is half the difference between the highest and lowest

value of the actual variable.
I = 1, 2, 3, . . . , k where k represents the number

of independent input variables.

The values of the coded variable depend on the postulated model. For

example, for equation 2.1, the coded values will be +1 and -1. And, for

equation 2.2, the coded values will be +1, 0, and -1.

The rotatability feature occurs when . . . the variance of the

predicted response (M) at some point (M) is a function only of the

distance of the point from the design center, and not a function of

direction" (20:355). Rotatability allows the user to be Justly

confident with any information drawn from the postulated model because

points in the factor space which are the same distance from the

origin are treated as being equally Importantu (21:165). Complete

confidence in the postulated model, along with the ability to easily

obtain Information from the postulated model, makes rotatabilLty and

orthogonality desirable design characteristics.
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Many designs are available for many uses. The type of experiment,

the resources available, and the user's requirements dictate what design

is chosen. Additional information on experimental designs can be found

in texts by Box and Draper and by Davies (2;7). A good sunary is

afforded by Steinberg's article which reviews the principles and methods

of experimental designs (29). However, Montgomery is highly recomnended

because he expertly shows the binding relationship between experimental

designs and statistical analysis, specifically, multiple regression

(20).

altiLoe Reession. Multiple regression refers to regression

analysis applied to a linear equation with two or more independent

variables (22:226-263). Regression analysis uses the method of least

squares . . . to examine data and to draw meaningful conclusions about

dependency relationships that my exist" (10:4). By using the data

collected from the AIM as prescribed by the experimental design, the

method of least squares will try to prove that the relationship as shown

by equation 2.2 exists between the ARM weapons and the ARM response of

damage expectancy.

ultiple regression is a valuable statistical tool for making

inferences about the postulated model (equation 2.2), for obtaining

estimations to the model's coefficients, and for aiding in model

construction and validation. However, since a deterministic model

contains no variance error, many multiple regression statistics cannot

be used. Therefore, multiple regression is not reviewed in detail; only

the method of least squares and the regression statistics used in auto-

mating RSM with the ASH is reported.
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The min use for multiple regression, one most relied upon by

Smith's RSH variant, is the parameter coefficient estimations of the

postulated response surface equation (the Is in equations 2.1 and 2.2).

This Is done by the least squares method (22:238-239). The least

squares method minimizes the sum of the squares of the deviations

(statistically called residuals) between the postulated model's output

and the true model's output (21:23). The sum of the squares of the

deviations is called the error sum-of-squares (SSN). In the process of

computing the SS3, the postulated model's coefficients are estimated.

The SSi is called a statistic and can be used, along with other

statistics, to make inferences about the estimated postulated model.

Again, the 93 is the total squared difference between the actual model

(I) and the postulated model (Y) with respect to the same data design

points. The error term in equations 2.1 and 2.2 (M.) reflects the

difference between the postulated model and the real model for any

design point. In computing the 881, the error associated with each

design point is squared and summed with all other errors from all other

design points (N) replicated n times:

Nl i N n

898 - 2 ; (%&. - Y..) 2  3 2 (2.)t (2.4)
11 Mn-1 1-1tr-

The lower the 993 value, the better the postulated model fits the actual

model at the design points. Usually, though, the value of the 883

statistic decreases as the number of term in the postulated model

increases. Therefore, it is advisable to evaluate the SS3 statistic

with regards to other model statistics like the R2 .

The R 2 statistic allows Inferences to be made about the postulated

model's explainability of the real surface. This is done in percentile
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values, and the higher the value, with 1.00 representing a perfect

explainability, the better the postulated model. If an R2 statistic has

a high value, the variables of the postulated model explain a large

proportion of the total variation about the man response (10:33). If a

postulated model, whose coefficients have been estimated, has a high R

value, much confidence can be placed in that postulated model's ability

to replace the actual (real) model. If the R2 value for an estimated

postulated model is low, the postulated model should not be used in lieu

of the true model.

Like the $85, the R2 statistic is fallible. The value of the R2

statistic slightly increases with each addition of a term to the postu-

lated model. So, a postulated model, that accurately represents the

real model, with many tern will probably have a high R2 value.

Subsequently, conclusions ascertained on model adequacy and/or model

explainability should so be done by evaluating the R2 and 883 statistics

together, with other statistics, such as residuals, and with personal

experience of the problem.

The residual is the statistical name given to the error term of the

postulated model (9). A residual is the deviation between the predicted

. (postulated) modes output and the real model's output for the same

single data point. The fitting of the predicted model is done with a

finite set of data design points. Bach design point will have a

residual.

The 883 and R2 statistics are good indicators for overall model

adequacy and explainability. But, a model may be better at certain

points and worse at others. The residuals help show where the

postulated model better predicts the real model and where it doesn't.
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Residuals are also helpful for validating the postulated model.

Once a postulated model is estimated, residuals can be computed from a

set of randomly chosen data points. The residual's man and standard

deviation from the randomly chosen data points will help in assuring the

predictability accuracy of the estimated model.

One other regression statistic is used for model construction: the

sum-of-squares for each model parameter. The parameter sum-of-squares

show the individual strength of each model parameter. The higher the

sum-of-squares for a particular parameter, the likelihood that parameter

belongs in the postulated model. Likewise, the lover the sume-of-squares

for a particular parameter, the likelihood that parameter doesn't belong

with the postulated model. A model's parameter sum-of-squares allows

the user the ability to delete non-contributing parameters, and, thus,

reduce a full estimated model to a more manageable reduced form.

Multiple regression is a valuable and necessary element of the RSH

variant. Multiple regression completes the fitting of, allows

inferences to be made on, and helps validate the postulated model. All

of this is done through the least squares method. For more information

on the least squares method along with explanations on the model

statistics, refer to texts by Draper and Smith or Meter, Wasserman, and

Kutner (10;22).

5..jningy . In summary, the real response (M to some experiment

or from the output of some model, etc., depends on the input values of

certain independent variables (Xi, X2, IX, etc.). By applying RSN to

the experiment or model, the user is trying to capture the response in a

surface through an approximating equation, usually a low-order poly-

nomial (21:61-66). For this thesis, the response to be modelled is the
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output from the ASH, and the purpose is ASH predictability and increased

Informational analysis. The latter purpose is due to the use of deter-

ministic models and certain experimental designs.

In practice, a response surface is first postulated, and then

multiple regression is used to develop a regression equation that

"captures" the postulated response surface. To develop input for esti-

mating regression coefficients, different sets of ASH weapon-to-target

allocations are set up, and the data generated by these allocations

(optimal expected target damage) are collected. An experimental design
U

is used to select the various combinations of weapons to be allocated in

w order to build the response surface. So, the experimental design deter-

mines the data points to be collected, ASH executions produce the data,

and multiple regression uses the data to fit the postulated response

surface equation.

Conclusion

A definition was developed on the term "Smith's RSM variant".

Smith's RSM variant Is RSM applied to a deterministic model, mainly for

the purpose of increased informational analysis. Second, former thesis

applications of Smith's RSM variant were concisely listed. The ASH was

next described through its uses and characteristics. Fourth, the compo-

nents or RSM were explained to give the reader a working knowledge of

RSH. Finally, to orient the reader, the applicability of RSM to the AK

was shown throughout the chapter. The next chapter shows how the RSH

variant is incorporated in the methodology used to solve the research

problem defined in Chapter One.
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Chapter Three: Methodology

This chapter describes the methodology and then the computer soft-

ware tools that automate Smith's RSM variant with the ASH. The metho-

dology is described In the step-by-step sequence a user should use when

applying the automated Smith's RSM variant to an ARM problem.

Methodology Ste"

i t. The first step of the methodology is for a user to

understand what is to be modelled: what ARM inputs are of interest, and

over what range are they of interest? (Remember that ARM inputs include

weapons and/or their characteristics, such as probability of arrival,

circular error probable, etc.) The answer to those two questions are

vital since the entire methodology is an outgrowth of fitting the postu-

lated equation around the ARM Inputs. Therefore, a user should first

pick the ASH inputs (the variables of interest), including their range

of values, and, then, set up the ARM weapon-to-target allocation rules

and constraints (targeting strategies and priorities). The ANM inputs

become the variables in the postulated model.

Ikiel ptstnlntiom. The second step is to postulate a model that

will "capture" the response of the ASH. Restating the RSM assumptions

(listed in Chapter Two) with the ASH, the output from the ASM (damage

expectancy) has some "truem structure (%) that can be mapproximatedO by

a low-order polynomial (Y) whose independent variables (X,, X2, .

Xk) are the ASH inputs (number of weapons, probability numbers, weapon

accuracy numbers).
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For the ASH problem, It is assumed that each of the problem's five

objectives (listed in Chapter One) can be approximated by a second-order

polynomial equation (equation 2.2). The assumption is based upon

previous successful applications of Smith's RSH variant to other arsenal

exchange models (11;14;15;17;18). Thus, equation 2.2 becomes the postu-

lated model for each objective of the AEM problem. The response

(measure of effectiveness) for each of the five objectives Is damage

expectancy, and each objective's goal is to maximize the response.

The Zxperimental Design. After postulating a model to represent

the ARM response surface, the next step is to pick an experimental

design. To recapitulate, an experimental design explains how to collect

data from the AStH for the purpose of "fitting* the response equation.

Since the ASH is a deterministic model, there is no variance error due

to sampling. Therefore, the only error component that needs to be

minimized is bias. A bias-minimizing design would probably be chosen,

but because of Ishihara's work (highlighted in Chapter Two), variance-

minimizing designs will be used instead (14).

Many variance-minimizing designs are available for second-order

equations but, for this thesis, only one type is used with the AEN:

Box-Behnken designs (Appendix A). Box-Behnken designs are picked over

other designs, such as Central Composite or factorial designs, because

they are much more efficient (less ARM executions needed), especially

when the number of design variables become large. Another major deter-

mining factor for choosing Box-Behnken designs is that they are proven.

As described in Chapter Two, Box-Behnken designs have successfully been

used with other arsenal exchange models. Thus, efficiency and their

proven nature are the chief reasons for selecting Box-Behnken designs.
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The Box-Behnken designs also have the desirable properties of

rotatability and orthogonality, at least they are nearly orthogonal.

Because the intercept term is correlated with the pure quadratic term

which are correlated with each other, the Box-Behnken designs are not

completely orthogonal. However, orthogonality, and, thus, term indepen-

dency, is preserved within the min effects, cross effects, and between

the two. Therefore, for informational analysis, Box-Behnken designs are

very productive. The Box-Behnken designs are shown in Appendix A, and

an article by Box and Behnken explains their construction (1).

As Appendix A explains, Box-Behnken designs are available for three

to sixteen variables inclusive, but are not complete: there are no Box-

Behnken designs for eight, thirteen, fourteen, or fifteen variables. To

overcome this problem, three solutions exist: combine similar vari-

ables, use dumy variables, or apply ASN variable controls. The first

solution combines variables of similar characteristics. For example,

two ICBHs are very similar in every feature except name. If the AKH

problem contains thirteen variables of interest for which no Box-Behnken

design exists, those two ICBMs can be combined to bring the variables

down to twelve. A Box-Behnken design exists for twelve variables. This

solution is recoiended if computer time is not abundant, or if 'time to

complete the project' is short. However, the combined variables

solution is not recommended if informational analysis is highly desir-

able for each of the combined terms separately, because any information

gathered from informational analysis applies to both variables equally

since they are combined.

The second solution involves inserting dummy variable(s) in the AIM

setup and, subsequently, in the postulated model. A larger design is
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required, though, and, thus, more ASM executions on the computer. But,

if Informational analysis is desirable for all variables, the second

solution is recomended.

The two previously discussed variable-reduction techniques are

mutually exclusive. However, the third variable-reduction technique,

ARM control variables, can be used with either. The ARM control vari-

ables technique uses a postulated variable (design variable) to control

more than one AIM variable of interest. For example, a bomber can carry

two types of bombs. Instead of using two design variables, one for each

bomb, use one design variable to represent the aircraft that carries

both types of bombs. This technique along with the combine similar

variables technique are used to help solve the AIM problem for this

thesis. Their application to the AEM problem is reported in Chapter

Four.

Da Collcion. After the experimental design is chosen, data has

to be collected from the AIM for the purpose of estimating the postu-

lated model's variable coefficients. This step is the application of

the experimental design to the ARM setup, that is, executing the ARM the

required number of times with the AIM input modified by the experimental

design for each execution. The data collected from the AIM are the

responses to each of the five objectives for the ARM problem.

Regresion Analysis Aoilication. This step applies the collected

data from the last step to a statistical regression package. The

regression package estimates the postulated model coefficients. Once

the variable coefficients are ciphered, the postulated model becomes the

estimated model, specifically the full estimated model since the esti-

mated model will contain all the estimated variable coefficients.
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The full estimated model is used to predict AN responses. The Aim

-' input values are applied to the full estimated equation instead of the

AIM. The result is an estimated (predicted) response to what the ARM

would have given. The full estimated equation is the appropriate model

to use for ASH predictability, but, should probably not be used for

informational analysis, because the full estimated model contains all

the variable term, especially the non-orthogonal ones, that vould make

informational analysis cumbersome.

For informational analysis, the full estimated model should be

reduced, if possible. To help reduce the full estimated model, the

variables' sum-of-squares are utilized. The variable's sum-of-squares

help determine which variables affect the response the most: how well

the response is explained when the variable is varied. Those variables

that do not or only slightly affect the response when compared to other

variables are deleted from the full estimated model.

Those variables that contribute nothing to the response can be

Immediately eliminated. However, a cutoff has to be determined for

excluding all other variables that only slightly affect the response.

The cutoff is subjective. For this thesis, the cutoff is arbitrarily

set at five percent of the total sum-of-squares for regression (SSR).

Therefore, all those variables that make up less than five percent of

the SSR are omitted. This, of course, reduces the estimated model to

only those variables that affect the response the most.

Before the full, and, thereby, the reduced, estimated models are

used in lieu of the ANN, they should be shown to adequately represent

and accurately explain the ARM. Also, the estimated models should be

validated to assure the user the estimated models represent the entire
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MW response surface. For these reasons, the regression package also

computes regression statistics other than the parameters' sum-of-

squares. In addition, the regression packaqe computes the 883, R2, and

residual statistics. As more fully explained in Chapter Two, the addi-

tional statistics help the user evaluate the estimated model's adequacy,

explainability, and validity.

Dcode Coefflcients. The postulated model's variable coefficients

are estimated using coded values for the AM input (equation 2.3).

Therefore, if the estimated models, full and reduced, are used with the

coded coefficient estimates, predictability and Informational analysis

are hampered, because, to use the estimated models, all Ar input would

have to be coded. So, to enhance predictability and informational

analysis, the estimated variable coefficients are decoded.
Posulated Comletion. After the variable coefficients are

decoded, the construction of the postulated model is completed by

Inserting the decoded variable coefficients into their respective places

within the postulated model. Once the postulated model is completely

built, it is referred to as the estimated model or estimated equation.

Enl 4Nol Validation. The estimated model is checked for

validity by comparing its output to AN output using twenty randomly

chosen, previously unused data points. The residual statistic from

multiple regression is used to aid in the validation process (discussed

in Chapter Two). The residuals are sumed, and then their man and

standard deviation are computed. Evaluation of the results is at the

discretion of the user. The user should know what limits are acceptable

for the residuals' mean and standard deviation.
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Tvo computer tools are developed to implement the methodology. The

first, Tool One, is vritten in Fortran 77. Tool One has two functions.

First, Tool One collects, organizes, and develops all the necessary

input for AIN executions. Second, Tool One aids the user in

constructing and validating the postulated/estimated model.

The second tool, Tool Two, is written with digital commands from

the Digital Commnd Language (DCL) of the VAX/VMS 11/785 computer. Tool

Two's purpose is to execute the AIM the required number of times and

collect the AIM output in a specified format for input to a regression

package.

To&I Oin. Fortran 77 was chosen as the computer language for this

programing tool because Fortran is a widely used language in the Air

Force. Appendix B shows the Fortran code and Appendix C contains the

User's Guide for Tool One. By coding Tool One in Fortran 77, the

accomplishment of the portability subsidiary objective (from Chapter

One) is attempted. Tool One consists of five major parts: data input,

coded design, uncoded design, regression application, and coefficient

decoding.

Data Input. The user is queried via the computer terminal for

all data input that relate to the AIH variables of Interest. The user

is asked to Input interactively the number of design variables, their

names (III, B-52, Trident C4, etc.), their ranges, and the number of

ANN input variables each postulated variable controls. (i.e., a B-52

postulated variable can control two ARM input variables because a B-52

can carry both gravity bombs and SRAks at the same time.) The data is

checked internally for program limitations and Ocomon sense' mistakes
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as the user inputs it. If a mistake occurs, the user is asked to

reenter the last input.

Uncoded Design. This section of the code takes the user input

and applies the applicable Box-Behnken design to produce a data matrix

containing AM inputs. Each row of the data matrix represents one

execution of the AIM. The AIM input data in the data matrix is uncoded,

and, thus, represent values for all the ANN variables of interest, only

adjusted per row by the experimental design. once the uncoded design is

built, Tool Two applies It to the ARM for data collection.

Coded Design. After Tool Two is finished with ARM execution

and data collection, Tool One is re-executed. The coded design section

of Tool One is used to produce the same data matrix as in the previous

section, but in coded values, i.e., 1, 0, and 41 (refer to equation

2.3). The coded data matrix and the ASH output collected by Tool Two

are used as inputs to the regression package.

. Regression Application. The coded data matrix (experimental

design) and the collected ARM data (from the experimental design) are

used as Inputs to a regression subroutine, within Tool One, for the

purpose of estimatli-g the postulated model's coefficients. Also, the

sum-of-squares for each estimated model variable is computed to help the

user reduce the full estimated model, if so desired. Furthermore, the

BB8, R2 , and residual statistics are calculated to help the user check

the estimated model for accuracy, explainability, and validity. The

regression subroutine is included in Tool One to help make the RSNed-AIM

methodology more portable and flexible. If a more advanced, dedicated

regression package(s) is/are acquired (e.g., BAS, DNDP, or SPSS), Tool

One's regression subroutine need not be used.
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Decode. The Decode section is used after the regression

package has estimated the postulated model's variable coefficients. The

input to the Decode section are the beta coefficient estimates from the

regression package. The output from Decode is the estimated decoded

coefficients for the postulated model's equation.

Tool TM. The DCL comands that make up Tool Two are part of the

VAX/VHS command language that alloys the user to converse with the

11/785 (24:2-22). Consequently, Tool Two my not be as portable as Tool

One since the DCL conmands are peculiar to the VAX/VHS system. The DCL

comands that make up Tool Two's program are shown in Appendix D.

The purpose for Tool Two is to regulate the executions of the ASM.

The output from the Uncoded Design section of Tool One is the input to

Tool Two. The output from Tool Two, the collected ARM responses, is

used as input to the Coded Design and Regression sections of Tool One.

Conclmsios

The automated RSMed-AZH problem-solving methodology involves devel-

oping an AiM scenario, postulating an alternate model, choosing an

experimental design, collecting ARM data, applying regression analysis

for coefficient estimation and model examination, decoding the estimated

model's coefficients, completing the estimated model's construction, and

validating the estimated model.

M4ost of the time-consuming steps have been incorporated into two

computer program. The first computer program (Tool One) collects the

data characteristics for the ARM variables and then supplies the second

computer program (Tool Two) with a coded data matrix (experimental

design). Tool Two uses the coded data matrix to control ARM execution
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and data collection. Next, Tool one takes the UN data collected by

Tool Two and uses it with a coded version of the AM data matrix as

input to a regression subroutine within Tool One. Tool One uses the

output from the regression package (the variable coefficient estimates)

as input to the Decode section of Tool One. The output from the Decode

section (the decoded variable coefficient estimates) is then inserted

into the postulated model equations creating the estimated model.

Finally, the estimated model is checked for validity by comparing its

output to corresponding AIM output.

The next chapter further explains the mthodology steps through an

application. Detailed use of the programing tools are highlighted so

the user can become easily familiar with their use.

S.
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This chapter reports an application of the RSded-AKi methodology

outlined in Chapter Three to an ASH problem/scenario. The objective of

the application is to check and demonstrate the automated RSMed-A3M

program. The progress of the application is reported through the metho-

dology steps (discussed in Chapter Three): the AIM Setup, Model Postu-

lation, 9xperimental Design Selection, Data Collection, Regression

Application, Coefficient Decoding, Istimated Model Completion, and 2sti-

mated model Validation.

The ARM setup is twofold: formulating and recording. Formulating

embodies understanding and establishing the AIM scenario; recording

involves preparing and establishing the inputs for AIM executions: an

AIM input file.

K MIM F. The AIm setup formulation is composed of

four parts: choosing the variables of interest, establishing a target

base, selecting targeting strategies and priorities, and picking the

dependent variable(s) for the measures of effectiveness.

Variables of Interest. A hypothetical eighteen variable

problem is used with the application of the automated RS~ed-AIM program.

Bach variable represents a weapon used by the U.S. to strike the Soviet

Union as controlled by the AIM. Bach weapon is listed in Figure 4.1

along with its range of values, carrier type, and the number of warheads

per carrier. (Figure 4.1 shows eighteen variables but only lists
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Number ARM Variable Range Carrier Varheads/Carrier

1 MMII 0 - 450 ICBM 1
2 1MIII 0 - 250 ICBM 3

KNIIIA 100 - 300 ICBN 3
3 PKeeper(MX) 0 - 100 ICBM 10
4 HICBE 0 - 200 ICBM 1
5 PosC3 176 - 304 SLBM 10
6 PosC4 192 - 192 SLBM 8

TriC4 48 - 192 SLBM 8
7 TriD5 0 - 336 SLBM 8
8 B520RV 0 - 156 Aircraft 4
9 B528RH 0 - 156 Aircraft 4
10 B52CIC 40 - 156 Aircraft 12
11 FB111GRV 0 - 60 Aircraft 2
12 FBlllSRM 0 - 60 Aircraft 4
13 BIBGRV 30 - 100 Aircraft 4
14 B1BSRM 30 - 100 Aircraft 4
15 B1BALCH 30 - 100 Aircraft 8
16 ATB 0 - 124 Aircraft 12

Fig 4.1 The Initial Eighteen ARM Variables

sixteen numbers. Four of the weapons will be combined to form two

weapons. Therefore, eighteen weapons will exist in sixteen variables.

More information is given under the Experimental Design Selection Step

section of this chapter.)

Te Targt MUs. The target base is developed from hypo-

thetical data used with an AFI? class assignment. The hypothetical data

listed low and high target projections over a ten year period starting

with year 1985. The high projection of year 1990 is taken as the target

base. However, after making some preliminary AIM executions with the

ARM weapon variables listed in Figure 4.1, the number of targets was

adjusted downward to allow the UN to produce high damage expectancy

40
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Number Target Amount

1 Civil 140
2 Local 215
3 C31 450
4 MBase 70
5 ICBM Silo 640
6 LCC 120
7 HICBE 150
8 NukStor 50
9 SubPorts 20

10 SS-20 400
11 Stores 430
12 Facil 520
13 Depos 550
14 Naval 130
15 Factor 1100
16 POL 1300
17 Energy 435

Fig 4.2 The ARM Target Base

calculations through the application. Figure 4.2 shows the AIM target

base used, after the adjustment, in the application of the automated

RS~ed-AZM program. The targets are listed by name along with the number

of each target shown imdiately to the right of its names.

Figure 4.3 shows the sae targets, only grouped into categories.

The purpose for the categorization is to later allow the usance of

strategies and prioritization of goals by category rather than by

specific target. Through the categorization of the targets, the five

objectives of the AN problem (described in Chapter One) are defined.

Selecting Strategies and erioittes. Targeting strategies and

priorities help create a realistic arsenal exchange environment. There-

fore, four strategies and six priorities are used. The targeting
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Number Target Category Targets

I Leadership/Command, I thru 3
Control, Communications,
and intelligence (LC3)

2 Strategic Nuclear 4 thru 10
3 Conventional 11 thru 14
4 Industrial/Economic 15 thru 17
5 Time Urgent 3 thru 6 and 9

FIg 4.3 ASK Target Categories
(Reference Figure 4.2 for target number definitions)

strategies and priorities are listed in Figure 4.4. The priorities are

OsoftO priorities instead of *hard" priorities. *Soft" priorities allow

the ARN to do as well on a particular priority as possible before moving

on to the next lower priority. wHardm priorities do not allow the

targeting of lower priority objectives until the higher priority

objectives are fulfilled.

The Deoendent Variable(s). The dependent variable is damage

expectancy (DR): what is the expected damage to any and all targets

given the ARM weapons and targeting strategies and priorities? For the

RSHNed-ABM application, five dependent variables exist. Except for the

Time Urgent targets, each target category listed in Figure 4.3 depicts a

dependent variable. The fifth dependent variable represents the damage

expectancy for all targets. (It is the estimated equation for the fifth

objective that is later used to show the predictability and infor-

mational analysis advantages of Smith's RSN variant.) Each dependent

variable and its associated target category is shown in Figure 4.5.
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vii

Taroetino Strategy One:

-I Limit the maximum number of RVs from any carrier
I allowed to impact on a target to three.

I Targeting Strategy Two:

Exclude the probability of arrival from calculations
of impacts limit.

Targeting Strategy Three:

Set minimum damage expectancy (DS) limits for each
target:

Target Number Minimum D9 (percentage)

1 thru 10 80
11 thru 14 70
15 thru 17 60

Targeting Strategy Four:

Specify which weapons are allowed to attack a target:

Target Number Weapons Allowed To Attack

1, 2, 8, and 11 thru 17 1 thru 16
3 thru 6 and 9 1 thru 7

7 and 10 13, 14, and 16

I Targeting Priorities:

I Priority Cover Targets By
Category or Number

1 Time Urgent
2 land 2
3 7, 8, and 10
4 Conventional
5 Industrial/Sconomic
6 All

rig 4.4 Ai Targeting Strategies and Priorities
(Reference Figures 4.1 thru 4.3 for the definition

of each weapon and target number/category)
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Dependent Variable Target Category

¥i LC3I
Y2 Strategic Nuclear
Y3 Conventional
I 4 Industrial/Population
Y5 All

Fig 4.5 The ARN Dependent Variables

bcordina TIh. M Setup tk M MIL fn 1 LL. Once the AIM setup

is formulated, it is recorded to be used latet for executing the ARM.

Recording of the ABM formulation is done through the ARK input file:

IAZM1.DAT. The IAI.DAT file contains the ANN code that represents

each element of the ASK formulation. An example of the IAIl.DA? file

from one of the execution runs is shown in Appendix B. The execution

example shows the four categories of the ANN setup: the variables of

interest (weapons), a target base, the targeting strategies and prior-

ities, and the dependent variables.

M0 0 1 postelatin 1kt

The second part of the RS~ed-AIM methodology is postulation of a

model that can represent the AIM output given an ARM setup as described

in the AM Setup Step section of this chapter. For this thesis, and as

discussed in Chapter Three, model postulation will always be a second-

order polynomial equation (equation 2.2). However, this need not be so.

If the RSMed-AM program allowed the user the flexibility of choosing an

equation from among many, this step would have to be considered. The
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user would select an equation to best represent the ASH output given an

MN setup scenario (discussed in The ASH Setup Step section of this

chapter). Consequently, The Hodel Postulation step of the RSHed-AIM

methodology is Included vithin this application write-up for

completeness and as a reminder to the user that the postulated model is

dependent on the ARM Setup scenario. It the user does not believe that

equation 2.2 will accurately represent a particular AN setup scenario,

then this RSIed-AH program should not be used since the RSHed-ADI

program is designed to *fit" a second-order polynomial equation.

Ik EIni0MJOtil D.LaQ felectioN At

As with the ARM setup step, the Experimental Design Selection step

is also twofold: formulation and recording. The formulation part

involves selecting an experimental design and then, if necessary, manip-

ulating the AM variables into the required number of design variables

needed to fit the chosen experimental design. Recording involves using

the RSIed-MH program to interactively enter all information pertaining

to the design variables.

1khimenfl Dekln Selection I.ruiaio. vhen choosing the AN

variables, thought must be given to which experimental design will be

used since the selection of experimental designs are limited. As previ-

ously mentioned, eighteen AM variables are used for the RSled-ASi

program application, but the largest experimental design built into the

RSled-MAN program is one for sixteen variables. Therefore, reduction

techniques, discussed in Chapter Three, are applied to reduce the number

of MN variables.

"45
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Combination AIM Variables Design Variable

1 952GEV B52PU
BS2SRH

2 7BIIGEV FBI11POIU
FDI1SRH

3 BIBGEV BIB
DIRSa
D1DALCII

Fig 4.6 The Design Variables 9stablished From
Using The Variable Control Reduction Technique

The first variable-reduction technique used is the ARM variable

control technique: how many design variables, if any, can control more

than one AIN variable? A closer examination of Figure 4.1 shows that

seven of the eighteen AiM variables can be controlled by three design

variables. A B-52 can carry SRAs and gravity bombs at the sam time,

thus enabling the combination of the B-S28RH and 3-52GEV AIM variables

into a B-52P13 design variable. Similar combinations can be made of the

F311 AUM variables and the BIB ANM variables. Figure 4.6 shows the

design variables produced from the three different AIM variable combi-

nations. (Note: All three BI ARM variables are combined into one

single BI design variable, whereas the three 352 AI variables require

two design variables: one for the B52CMC and one for the combination of

the B520RV and B52SRM. This stem from assuming that a BIB can carry

both gravity bombs and cruise missiles at the sam time and that a 3-52

cannot.)
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Number Design Variable Range Carrier Warheads/Carrier

1 MiII 0 - 450 ICBM 1
2 NIII 0 - 250 ICBM 3

HHIIIA 100 - 300 ICBM 3
3 PKeeper(KX) 0 - 100 ICBM 10
4 HICBH 0- 200 ICBM 1
5 PosC3 176 - 304 SLUM 10
6 PosC4 192 - 192 SLBM 8

TrIC4 48 - 192 SLBM 8
7 TriD5 0 - 336 SLBU 8
8 BS2PU 0 - 156 Aircraft S
9 B52CHC 40 - 156 Aircraft 12
10 FiBIlIPN 0 - 60 Aircraft 6
11 BIB 30 - 100 Aircraft 16
12 ATB 0 - 124 Aircraft 12

Fig 4.7A Inclusion of the Control Variables

After applying the control-variable reduction technique, eighteen

weapons are reduced to fourteen design variables. The results are shown

in Figure 4.7A. (Likened to Figure 4.1, fourteen variables are shown

but only twelve are listed. The explanation is forthcoming.) No Box-

Behnken experimental design exists, however, for fourteen design varn-

ables. The closest design is either the twelve or sixteen variable

experimantal designs. Since a sixteen-variable design requires almost

twice as many runs as a twelve-variable design, the twelve-variable

design is selected.

To reduce fourteen variables to twelve, a second variable-reduction

technique is employed: the combination of similar variables. For the

application, the manipulation involves combining sets of similar

weapons. Looking again at Figure 4.1, eighteen variables are shown but
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Number ARM Variable Range Carrier Warheads/Carrier I

1 KNII 0 - 450 ICi 1
2 IIl 100 - 550 ICBM 3
3 PKeeper(KX) 0 - 100 ICBM 10
4 HICeN 0 - 200 ICBM 1
5 PosC3 176 - 304 SLIM 10
6 PosTriC4 240 - 384 SLBM 8
7 TrID5 0 - 336 SLBN a
8 B52GRV 0 - 156 Aircraft 4
9 B528RH 0 - 156 Aircraft 4
10 B52CHC 40 - 156 Aircraft 12
11 FBI11GRV 0 - 60 Aircraft 2
12 FBlIlSRM 0 - 60 Aircraft 4
13 BIBGRV 30 - 100 Aircraft 4
14 BISRM 30 - 100 Aircraft 4
15 BIBALCM 30 - 100 Aircraft 8
16 ATB 0 - 124 Aircraft 12

Fig 4.7B The Combination of Similar Variables
(Refer to Figure 4.1)

only sixteen are numbered. This was done in anticipation of using the

similar variables, variable-reduction technique. From Figure 4.1, two

sets of similar variables exist: the combination of the MIIIs with the

MIIIIAs, and the combination of the Poseidon and Trident C4 SLBUs. The

weapons in both sets are very similar and therefore allow the variable

reducing merger. Figure 4.7B shows the change in Figure 4.1 after the

similar variables are combined.

After applying the combination of similar variables, variable-

reduction technique, the fourteen design variables are reduced to

twelve. The assumption for using the similar variables, variable-

reduction technique is that informational analysis is not important for

those four individual weapons that are merged. If it is, then the
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Number Design Variable Range Carrier Warheads/Carrier I

1 II 0 - 450 ICBM I
2 HHIII 100 - 550 ICBH 3
3 PKeeper(KX) 0 - 100 ICBM 10
4 iICBM 0- 200 ICBM 1
5 PosC3 176 - 304 SLBH 10
6 PosTriC4 240 - 384 SLBK 8
7 TriD5 0 - 336 SLBK 8
a B52PEN 0 - 156 Aircraft 8
9 B52CHC 40 - 156 Aircraft 12
10 FB111PKN 0 - 60 Aircraft 6
11 BIB 30 - 100 Aircraft 16
12 ATB 0 - 124 Aircraft 12

Fig 4.8 The Finalized Twelve Design Variables

mergers would not occur; rather two dummy design variables would be used

to increase the number of design variables from fourteen to sixteen

since there is a Box-Behnken design for sixteen design variables. But,
'.

,.' with the assumption, the reduced set of variables (weapons), from

eighteen ANM variables to twelve design variables, is listed in Figure

4.6, along with the updated range, the carrier type, and the number of

warheads per carrier.

Recording the Wnerimntal D Selection. The design variable

information contained in Figure 4.6 is now entered into the RShed-AZM

program. The RSled-AiN program is started (refer to Appendix C), and

subroutine INPTDATA is chosen (selection I) once the main menu appears

via the CRT terminal (Figure 4.9). After the INPTDATA subroutine is

started, the information on the twelve design variables is entered and

saved in a file entitled VARIBLES.DAT (Appendix F). Three other files
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*************************** MAIN MENU t***tt***tt**t*t*tt*t*tt

(I) Input Data

(U) Build Uncoded Design

(C) Build Coded Design

I (R) Regression

(D) Decode

(X) Execute Equations

(E) Exit Program

Please enter a letter:

Fig 4.9 Automated RSM Program's Main Menu

are created by the INPTDATA subroutine to be used later as input with

other main-menu subroutines: the CODEDSGN.IN file (shown in Appendix G)

for the CODEDSGN subroutine, the DECODE.IN file (shown in Appendix H)

for the DECODE subroutine, and the RGRSSION.IN file (Appendix I) for the

RGRSSION subroutine.

Data Collection SteD.

After using subroutine INPTDATA to enter the design variable infor-

mation and saving that Information in the file VARIBLES.DAT, the main

menu reappears, and subroutine CODEDSGN is chosen (selection U).
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Subroutine CODEDSGN does not interact with the user; rather, subroutine

CODEDSGN Just creates a file. When selection U is chosen, the file

AEM.DAT (Appendix J) is created for later use with Tool Two (refer to

Chapter 3). After the AEM.DAT file is created, the main menu reappears

and selection E is chosen; the RSMed-AEM program is exited.

With the AEM input file (IAEMI.DAT) and the AEM experimental design

file (AEM.DAT) created, Tool Two (Appendix D) is used with the AEM to

control and amass the data collection. Tool Two automatically executes

the AIM 193 times. For each execution, an AEM output file (OAEMI.DAT)

is created (Appendix K). With each execution, input from the AEM.DAT

file is collected, along with the dependent variable values from the

OAEM1.DAT file (Appendix K), and stored in a file entitled STORAGE.DAT

(Appendix L).

Reqression SteD.

So far, an AEM scenario has been coded into an IAEM1.DAT file; an

AEM experimental design file entitled AEM.DAT has been created; and Tool

Two has used those two files to control the AEM executions while

collecting and storing data generated by each execution in a file called

STORAGE.DAT. To execute the regression package on the RSMed-AEM

program, the data in file AEM.DAT has to be coded according to equation

2.3 and the data in file STORAGE.DAT has to be modified to only show the

responses of the dependent variables.

The STORAGE.DAT file is first modified by manually stripping all

the lines containing the values for the AEM weapons. The modification

is accomplished by deleting every other line starting with line one.

The modified file, RESPNSES.IN, is shown in Appendix M.
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To code the AEN.DAT file, the RSMed-AEM program is restarted. once

the main menu appears, the INPTDATA subroutine is first chosen

(selection I) to re-initialize the design variable information. Re-ini-

tialization is done by reading the VARIBLES.DAT file again. (Recall the

VARIBLES.DAT file saved the design variable characteristics that were

previously interactively entered.) After re-initialization is

accomplished, the main menu reappears. The CODEDSGN subroutine is again

chosen, but this time selection C is picked. As noted earlier, the

CODEDSGN subroutine does not interact with the user; it just creates a

file. With selection C chosen, the CODEDSGN subroutine uses the

CODEDSGN.IN file to create the DSGNMTRX.IN file (Appendix N). Once the

DSGNKTRX.IN file is created, the main menu reappears.

With the creation of the three required input files now complete

(the third Input, the RGRSSION.IN file, was created earlier by the

INPTDATA subroutine), the RGRSSION subroutine is chosen from the main

menu (selection R). All five objectives (the dependent variables listed

in Figure 4.5) are processed through the RGRSSION subroutine. The

results, except for coefficient estimates, from the RGRSSION subroutine

are written to the REGRESS.DAT file (Appendix 0) to be printed later.

Once the regression process is complete, the RGRSSION subroutine writes

the estimated coefficients to the CODEDBTS.IN file (Appendix P) and then

releases control back to the main menu.

To verify that the RGRSSION subroutine gives correct answers, the

RGRSSION output for the fi..th objective is compared to regression output

from the SAS package using the same inputs. SAS is a widely accepted

statistical package. SAS's input code is shown in Appendix 0. SAS's

output, in Appendix R, contains the same values for SSR, SSE, SSTO, R2 ,
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and residual statistics along with the coded parameter estimates and

individual sum-of-squares (Type I Sum-Of-Squares) as does the RGRSSION

output for the fifth objective shown in Appendices 0 and P.

The Decode Coefficients Step

The RGRSSION subroutine has now estimated the coefficients to the

postulated model (equation 2.2). However, a coded design was used for

the estimation. Once the main menu reappears, the DECODE subroutine is

chosen (selection D). The DECODE.IN file (created by the INPTDATA

subroutine) and the CODEDBTS.IN file (created by the RGRSSION

subroutine) are used as input by the DECODE subroutine. The coded

parameter estimates in the CODEDBTS.IN file are decoded and stored In

the DECODE.OUT and XCUTEONS.IN files (Appendices T and S). The main

menu reappears when the parameter decoding is complete.

The Estimated Model Completion SteD

With the parameter estimates decoded, the estimated model can now

be completed. The decoded parameter estimates listed in the XCUTEQNS.IN

file are Joined with their design variables. The process of Joining the

parameter estimates with their respective design variables appears

complicated at first, but is easy to accomplish after demonstrating the

process.

Figure 4.8 and Appendix T are used for the demonstration.

Completion of the postulated model (equation) for the fifth objective

will be demonstrated. From Appendix T, the parameter estimates for the

fifth -bJective are located In the last 92 lines. The first line

informs the user that the following parameter estimates belong to the

fifth objective.

53



The joining process starts with the first N + 1 parameter estimates

where N is the number of design variables (twelve in this example). The

INTERCEPT value is listed first followed by N linear parameter

estimates. The N linear parameter estimates are Joined with their

respective design variables in the order given by Figure 4.8 (i.e., the

next parameter estimate after the INTERCEPT term is Joined with the MMII

design variable; the following parameter estimate is Joined with the

MMIII design variable; and et al).

The first N + I parameter estimates are Joined with the INTERCEPT

and the linear design variable terms. The remaining N! parameter

estimates are Joined with the squared and cross design variable terms.

The procedure for Joining the remaining N! parameter estimates is to

successively descend the design variable list (Figure 4.8), one design

variable at a time, matching the next parameter estimate with the

squared term of the design variable first and then matching the

following parameter estimates with the cross terms that result by multi-

plying that design variable with the remaining design variables. Once

the squared and cross terms for the first design variable are Joined

(MMII in this example), descend the design variable list (Figure 4.8) to

the next design variable (WIII) and repeat the procedure, but do not

include any cross terms that have already been joined previously. The

completion of the postulated model for the fifth obJective (All Targets)

is shown in Appendix U.

The Estimated Model Validation jte2

Validation is accomplished by comparing the responses from the

estimated models with the responses from the AIM for the same set of
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I Set ARM Variables

M M P M P P T B B B F F B B B A I
M M KI 0 0 R 5 5 5 B B 1 1 1 T I
I I 9 C S S I 2 2 2 1 1 B B B B I
I 1 9 B C T D G S C 1 1 G S A

I P M 3 R 5 R R M 1 1 R R L
I V M C G S V K C
C R R K
4 V M

1 1 350 375 20 120 200 302 188 58 58 58 40 40 75 75 75 42
I 2 250 300 88 188 277 262 200 99 99 128 56 56 55 55 55 22
I 3 440 175 20 133 199 266 222 44 44 50 44 44 50 50 50 32
. 4 277 189 12 166 271 367 75 33 33 144 42 42 45 45 45 1121
1 5 369 533 93 104 219 380 61 150 150 77 57 57 35 35 35 10
I 6 140 402 83 35 208 284 311 17 17 105 47 47 85 85 85 99 1

7 77 110 45 10 190 250 10 5 5 42 33 33 95 95 95 1021
1 8 190 410 38 150 290 333 48 137 137 115 50 50 33 33 33 801
I 9 400 500 25 25 185 370 175 125 125 70 38 38 40 40 40 88
1 10 175 173 76 80 300 277 99 110 110 133 35 35 48 48 48 120 1
1 11 355 370 25 115 205 297 193 53 53 63 5 5 80 80 80 37
1 12 245 305 83 193 272 267 195 104 104 123 60 60 50 50 50 27 1
1 13 445 170 25 128 204 261 227 39 39 55 9 9 55 55 55 27
1 14 272 194 7 171 266 362 80 28 28 149 7 7 50 50 50 107
1 15 374 528 98 99 224 375 66 145 145 82 22 22 40 40 40 51
1 16 135 407 78 40 203 289 306 22 22 100 12 12 80 80 80 104 1
1 17 82 105 50 5 195 245 15 0 0 47 0 0 100 100 100 97
1 18 185 415 33 155 285 338 43 142 142 110 25 25 30 30 30 85 1
1 19 405 495 30 20 190 365 180 120 120 75 3 3 45 45 45 83
1 20 170 178 71 85 295 282 94 115 115 128 10 10 43 43 43 124 1

Fig 4.10 Validation Test Points

values assigned the design variables (weapons). For the application,

only the estimated model for the fifth objective is validated. To

validate the fifth objective's estimated model, twenty randomly chosen

points (values for the design variables), other than the experimental

design points, are chosen. The design variables and the twenty randomly

chosen test points are shown in Figure 4.10.
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First Second Third Fourth Fifth I
I Set Objective Objective Objective Objective Objective I

1 87.54 83.63 77.80 41.17 64.77 1
2 83.77 73.63 79.81 78.25 78.29 1
3 85.68 75.08 77.56 32.13 58.83 1

1 4 87.13 61.84 77.82 75.80 74.64 1
1 5 88.08 62.48 75.27 74.54 73.74 1
1 6 84.96 89.91 81.60 82.26 84.07 I
1 7 85.86 43.45 75.04 50.67 59.24 I
1 8 88.40 67.53 74.97 74.27 74.68 1
I 9 86.60 85.87 75.54 68.35 76.06 1
1 10 86.73 81.91 81.57 73.10 78.69 I
1 11 87.22 83.17 77.59 43.88 65.73 1
1 12 84.66 74.12 79.29 77.30 77.98 1
1 13 85.08 74.56 77.47 34.99 59.83 I
1 14 87.16 61.43 76.69 75.21 74.03 1
1 15 88.40 64.18 75.61 73.62 73.84 1
1 16 84.07 89.88 82.51 80.45 83.42 1
1 17 89.12 44.87 75.55 47.29 58.64 1
I 18 88.33 66.25 75.74 72.84 73.98 1
1 19 86.81 88.13 76.06 64.48 75.07 I
1 20 86.76 79.75 80.23 73.02 77.87 1

Fig 4.11 ASH Responses To The validation Test Points

The twenty points are first used to execute the AIH. The AKM.DAT

file is manually setup with the data from Figure 4.10. Tool Two is

again used to control the AIM executions and to collect the output (the

response) for the fifth objective and store it in the STORAGE.DAT file.

Only the fifth objective is validated, but Figure 4.11 shows the

responses for each of the five objectives for each ASH execution.

After the AIH executions, the twenty points are used to execute the

estimated model for the fifth objective only (Appendix U). The RSMed-

ARM program is restarted, and the Regression and Decode Coefficients

Steps (refer to those sections in this chapter) are repeated. After the
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Execution Fifth ObJective's Response

1 67.93
I 2 79.24
I 3 58.25
I 4 75.75

5 75.67
I 6 84.43

7 52.29
8 74.93
9 75.30
10 79.54
11 67.72
12 78.54
13 57.90
14 74.41
15 75.56
16 83.61
17 52.40
18 73.82
19 74.44
20 78.39

Fig 4.12 Estimated Model Responses To The Validation Test Points

DECODE subroutine is finished and the main menu reappears, the XCUTEQNS

subroutine is picked (selection X). The fifth objective is chosen for

execution. By line, the data from Figure 4.10 is interactively entered

into the XCUTEQNS subroutine which then executes the estimated equation

for the fifth objective and displays the response for each execution via

the CRT. The responses are shown in Figure 4.12.

After the responses from the ASM and the estimated model executions

for the fifth objective are collected, the residuals are calculated

along with the residuals' mean and standard deviation (Figure 4.13).

The residuals' mean (0.164) is quite small but a little
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Execution ARM Postulated Model Residual
Response Response

1 64.77 67.93 - 3.16
2 78.29 79.24 - 0.95
3 58.83 58.25 + 0.58
4 74.64 75.75 - 1.11
5 73.74 75.67 - 1.93
6 84.07 84.43 - 0.36
7 59.24 52.29 + 6.95
8 74.68 74.93 - 0.25
9 76.06 75.30 + 0.76

10 78.69 79.54 - 0.85
11 65.73 67.72 - 1.99
12 77.98 78.54 - 0.56
13 59.83 57.90 + 1.93
14 74.03 74.41 - 0.38
15 73.84 75.56 - 1.72
16 83.42 83.61 - 0.19
17 58.64 52.40 + 6.24
18 73.98 73.82 + 0.16
19 75.07 74.44 + 0.63
20 77.87 78.39 - 0.52

Residuals' Mean + 0.164
Residuals' Standard Deviation +/- 2.479

Fig 4.13 Statistical Table For The Validation Test

misleading since three residuals (-3.16, +6.95, and +6.24) are above the

residuals' standard deviation (+/- 2.479). Figure 4.10 shows that the

two largest residuals are from the test data point sets seven and

seventeen. Those two sets had considerably fewer weapons than did the

other test data point sets. Also, a comparison of the residuals for

those three test points with the residuals for the experimntal design

points that are close to the test points (Appendix 0) might further

explain why those three test points exceed the standard deviation.
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conclusion

This chapter describes the application given the RS~ed-ARH metho-

dology. The description of the application Is explained through the

steps of the automated RS~ed-ASN methodology, explained in Chapter

Three. Next, predictability and Informational analysis are applied to

the estimated models (full and reduced) and reported in Chapter Five.

I

59

~~~~......,-...... .... .. .-. ..... .; ..- .- :-.-...•....-. ,.., /-- .. ,,-',- &ka2-



Chaote Five: Analysis

Introduction

This chapter shows the advantages of applying RSH to a determi-

nistic model (the ASH). The advantages are predictability and infor-

mational analysis. only the fifth objective, the damage expected from

all targets, is used to show the advantages.

Predlctabillty

Once the coefficients of a postulated model have been estimated,

the now estimated model takes far less time In calculating the response

(damage expectancy) than does the deterministic model. Calculating the

response In less time Is the predictability advantage that a estimated

model has over the original deterministic model.

Predictability has already been demonstrated in the Estimated Model

Validation step from Chapter Four. After the postulated model was

Ofitted" with the decoded parameter estimates (from the DECODE

subroutine), the XCUTEQNS subroutine was used to calculate damage expec-

tancy responses given the validation test data of Figure 4.10. Once one

of the validation test points was entered, via the terminal, the

response was calculated and printed to the screen in less than a second.

It took the ARM between one and two minutes to calculate a response

given the same validation test point.

The time difference between the estimated model's execution and the

ASH's execution does not seem very significant, but remember that the

ASH execution time is dependent on input strategies and priorities. If

more complex targeting strategies and priorities are used, the AIM would
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require more execution time. In fact, recall from Chapter one that the

AF/XOXR-tAN uses targeting strategies and priorities that require

approximately three hours for one ARM execution. If a postulated model

was constructed for a comon AF/XOXR-HAA targeting strategy and priority

problem, the estimated model's advantage of predictability would be more

easily recognized.

Using an estimated model's predictability advantage is not without

penalty. From the validation test results in Chapter Four, a trade-off

exists: speed versus accuracy. When the estimated model was used to

calculate a response, some accuracy was lost (Figure 4.13). So, the

advantage of predictability is available only if the user can accept the

Inaccuracy.

Informational Analyss

The estimated model is extremely useful for informational analysis.

However, working with the full model of Appendix U would be frustrating

and time consuming. Therefore, if the full estimated model can be

reduced (delete terms that do not contribute much to the response), the

resulting reduced estimated model could be used more effectively and

efficiently for informational analysis.

Obtain Reduced Batin d fod J. The RGRSSION subroutine of the

RSMed-ARM program is used to reduce the full estimated model. However,

before the RGRSSION subroutine is used, preliminary files have to be

created. So, upon entering the program and after the main menu appears,

first execute the INPTDATA subroutine (selection I). The design vari-

able data used in building the full estimated model should still be on

file (VARIBLES.DAT). Therefore, after selecting the IVPTDATA
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subroutine, read the data from the VARIBLS.DAT (Appendix F) file and

verify the data is still valid. After verification, the IMPTDATA

subroutine will create som files (refer to Appendix C) and release

control back to the main menu. Next, execute the CODRDSGH subroutine

(selection C). The CODBDSGN subroutine also creates a file (refer to

Appendix C) and releases control back to the main menu.

After the preliminary steps are complete, the RGRSSION subroutine

is invoked (selection R). Using the regression output for the fifth

obJective's full estimated model (Appendix 0) as a guide, the RGRSSION

subroutine allows the user to reduce the full estimated model through

deletion of unnecessary terms. The REGRESS.DAT file (Appendix 0) is

designed to help the user select which term to delete or keep. The

term are sorted in ascending order according to their contribution to

the total sum-of-squares for the complete model (SSR). After reviewing

the output for the fifth obJective's full estimated model (Appendix 0),

the last sixteen term account for approximately ninety-five percent of

the SSR. The remaining, and previous, seventy-four terms account for

about five percent of the total SSR and, therefore, can be deleted

without affecting the response too much.

upon execution of the RORSSION subroutine, the user is asked if

he/she wishes to delete a term. If the user responds affirmatively, all

terms, including the INT3RCEPT term, are shown to the user. Rach term

is cross referenced with a number. For deleting the seventy-four terms,

their representative numbers are entered one by one until all unwanted

term are deleted. (All user input is checked for errors. The

INTURCSPT term cannot be deleted, and no term can be deleted more than

once.) Appendix V shows the regression output for the reduced model.
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Y5 = - 3.687629292556
+ 0.003225022222 a MM[I
+ 0.011744444444 t MMIII
+ 0.121438027586 ' PKP
+ 0.010754700000 • HICBM
+ 0.077041093750 ' POSC3
+ 0.054804722222 • POSTRIC4
+ 0.105882105911 • TRID5
+ 0.025530897436 B D-52PEN
4 0.115705689655 ' B-52CMC
+ 0.026062666667 * FB111PBNI
+ 0.094593714286 'BIB
+ 0.149263978495 • ATB
- 0.000373920690 • PK8EP * B-52CHC
- 0.000143694196 * POSC3 2 TRID5
- 0.000232484319 ' POSTRIC4 * ATB
- 0.000248871100 * TRID5 * B-52CHC

Fig 5.1: Reduced Estimated Equation For The Fifth Objective

Once the RGRSSION subroutine is complete, control is passed back to

the main menu. The parameter estimates for the sixteen undeleted terms

are in coded format (refer to Appendix C). To decode those parameter

estimates, the DSCODE subroutine is chosen from the main menu (selection

D). So, after the main menu reappears, the DECODE subroutine is

selected and the fifth objective's reduced model parameter estimates are

decoded. The decoded output for the reduced estimated model is shown in

Appendix V (DECODE.OUT file). Figure 5.1 shows the same output only in

equation form.

eofors Infoutionl Analysi = M educed Estimtd flatkl.

The reduced polynomial equation shown in Figure 5.1 is now easily used

to garner Information through informational analysis. Since no pure

quadratic term exist (refer to Equation 2.2 and the Experimental Design

section of Chapter Three), the terms of the reduced estimated equation

63



are independent of each other. Therefore, because the terms are Inde-

pendent of each other, damage expectancy comparisons are made directly

from the equation's terms. Figures 5.2 through 5.5 show some infor-

mation reaped from the reduced estimated equation. But, remember that

the graphs in Figures 5.2 thru 5.5 are slightly in error since the

reduced estimated equation is used instead of the full. Also, the

graphs in Figures 5.2 thru 5.5 are highly indicative of the AIH

scenario: the targeting strategies and priorities used and the number

of weapons and targets available. (Note: the analysis examples that

follow were first described by Smith and Hellichamp (27).)

Figures 5.2K and 5.2B show damage expectancy increases per weapon

system carrier. The values are taken directly from the coefficients of

the reduced polynomial equation. Both figures show the weapon systems

in descending order by their contribution per carrier to the total

damage expectancy. The B-52CHC and Trid5 weapon systems are influenced

by two cross terms as shown in Figure 5.1. They appear as three-

dimensional boxes in Figures 5.2A and 5.2B. The PKlP, ATB, POSC3, and

POSTRIC4 weapon systems are influenced by only one cross term each.

They are depicted as two-dimensional planes in Figures 5.2A and 5.2B.

The remaining weapons are not Influenced by any other term and, thus,

are shown in Figures 5.2K and 5.2B as one-dimensional lines.

The increase in damage expectancy per weapon system shown in

Figures 5.2A and 5.2B does not depend on how many weapons already exist

for that particular weapon system. An additional BIB will increase
damage expectancy by 0.095 percent no matter if 30 or 99 BIBs already

exist. The same applies to each weapon system. But, an increase in

damage expectancy for any weapon system influenced by cross terms does
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depend on the number of existing cross term weapons. An example is the

B-52CMC weapon. The B-52CHC provides the greatest increase in damage

expectancy, but is dependent on the number of existing cross term

weapons. If the B-52CMCs were increased by Just one and the Trids and

PKKEP weapons were each at their low range (Figure 4.8), the total

damage expectancy would increase by 0.116 percent. If either or neither

of the B-52CMC cross term weapons were at their low range, then an

additional B-52CMtC would not provide an increase in total damage expec-

tancy of 0.116. Therefore, the Trid5 and PKEKP weapons have to be

considered since they interact with the B-52CHC weapon.

Figure 5.2B shows the same results for the B-52CMC and Trid5

weapons as Figure 5.2A does only turned 180 degrees to reveal the three-

dimensional plane. Figure 5.2B shows that adding another B-52CHC will

not give any additional increase in the damage expectancy if the Trids

and PKERP weapons are at their high range values (Figure 4.8). This may

seem a little misleading, but remember that any information received

through informational analysis of the reduced estimated equation is

influenced by the ARM scenario (Figures 4.1 thru 4.4). Also, using the

reduced model instead of the full model provides slight error in the

analysis. Besides, there is some error by Just working with a postu-

lated model that does not identically duplicate the deterministic model

it replaces (Figure 4.13). But, in lieu of the inherent slight errors

caused from using the reduced estimated model, the pictorial of the B-

52CHC weapon system shown in Figure 5.2B is largely indicative of the

targeting strategies and priorities used and the number of weapons and

targets available in the ASM scenario.
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Figures 5.3A and 5.3B show the same information as Figures 5.2A and

5.2B except the damage expectancy improvements are per warhead carried

by a weapon system. The weapons are again shown in descending order by

damage expectancy contribution. Figure 5.3A reveals that the HICBM

weapon provides the greatest increase in damage expectancy per warhead

addition. In contrast, Figure 5.2A shows that the B-52CMC delivers the

most damage expectancy per system carrier if its cross terms are at

their low values.

The reduced estimated equation shown in figure 5.1 can also be used

for weapon ratio comparisons. Because the terms of the reduced model

are independent, ratios can be computed with their coefficients that

show relative contributions of any weapon to all other weapons. For

example, Figure 5.4 shows how many of the other weapons are required to

equal the damage expectancy of one BIB. The weapons are again shown in

descending order by the number of weapons needed. Again, the results of

the graph are influenced by the ARM scenario and estimated equation.

For example, with the B-52CMC cross terms (Trid5 and PKElP) at their

high values, Figure 5.4 shows that no amount of B-52CMCs can equivalent

the damage expectancy of one B1B (represented by infinity). This, of

course, does not seem correct, but, given the AIM scenario and the B-

52CMC cross term at their high values, there is no need for additional

B-52CHCs (refer back to Figures 5.2B and 5.3B).

The best ratios are the B-52CMC and PKCElP weapons with their

respective cross term low. With their cross term low, its better to

use the B-S2CHC and PK99P weapons over the BIB provided all else is

equal between the weapons (i.e., the targeting strategies, priorities,

and scenario). But, as the B-52CHC and PKEEP cross term increase, so
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do their ratios, and, soon, the BIB becomes better than the B-52CMC and

PKIKP weapons, given all else remains the same.

Figures 5.5A and 5.5B show graphs containing constant damage expec-

tancy contour lines for different combinations of the B1B, B-52PEN, and

MMIII weapons. Figure 5.5A exhibits constant contour lines for a damage

expectancy of 85 percent, and Figure 5.5B exhibits constant contour

lines for an 87 percent damage expectancy. The remaining weapons are

held constant at predetermined values.

From the graphs in Figures 5.5A and 5.5B, three observations are

noticed. First, the difference between the two graphs shows that higher

combinations of the three weapons are required to maintain an 87 percent

contour line as opposed to an 85 percent contour line. Second, from

both graphs, as the number of MMIIs decrease, the combinations of BiBs

and B-52PE s must increase to maintain the constant damage expectancy.

Third, from both graphs, for a constant MMIII value, a decrease in

either the BIB or B-52PEN warrants an increase in the other to sustain

the constant damage expectancy.

Figures 5.2 thru 5.5 reveals how some informational analysis can be

extracted from the estimated equation. Given the ARM scenario, the

figures explain the contribution of each factor towards the response.

Contribution is shown by carrier and then by warhead. Also, the

relative worth of one system as compared to others is displayed.

Finally, graphs show what the different combinations of weapons must be

to maintain constant damage expectancy contour lines.

Any insight/knowledge gained through informational analysis must be

tempered with the AIM scenario, especially targeting strategies and

priorities, because the ARM scenario affects the construction of the
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estimated model. If not, apparently misleading information may be

extracted from the reduced estimated model.

Conclusion

This chapter explores the advantages of RSH: predictability and

informational analysis. Predictability was actually shown in Chapter

Four under the Validation of the Estimated Model Step. Therefore, this

chapter concentrates on explaining how informational analysis is

performed.

Usually, the full estimated model is reduced to "workable* terms,

if possible. The RGRSSION allows the user to reduce the full estimated

model. Since orthogonal designs are used to gather information for

estimating the postulated model, the estimated model's coefficients are

easily used to illuminate relationships between themselves and with the

response. Many graphs are developed to show some of the relationships

and how easily information Is garnered from them.

Chapter Six, the next and last chapter, concludes this report by

summing up the purpose, the product, and the results of this thesis.

Also, Chapter Six lists some observations noted during the work of this

thesis and reports some recommendations for further study.
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Chapter 6: Conclusions. Observations. nd Recommendations

Inltzoducti on

The Air Force Wide Mission Area Analysis Division (AF/XOXR-MKA)

uses a deterministic model called the Arsenal Exchange Model (ARM) to

evaluate US strategic offensive capabilities and to answer "what-if"

questions(23:2). The evaluations and analyses are usually done through

ARM response comparisons of damage expectancy. The damage expectancy

response is calculated by the ASM through the use of many input vari-

ables: weapons and/or their characteristics, targets and/or their

characteristics, and targeting strategies and priorities. As the AIM

calculates damage expectancy, the goal of the AIM is to maximize the

response.

There is a need to rapidly answer predictable "what-if" questions

about US strategic capabilities using the AIM. By conventional methods,

"what-if" analysis or informational analysis with the AIM require the

varying of one ARM parameter at a time and then executing the AI for

each parameter change. For AF/XOXR-MAA, The AIM requires approximately

three hours for one execution (16). Consequently, informational anal-

ysis through conventional methods is very slow.

Response Surface Methodology (RSM) uses mathematical and statis-

tical techniques for analyzing problem that use many variables to

compute a response and whose goal Is to maximize that response (20:445).

A variation of RSM, Smith's RSM variant, is RBM applied specifically to

a deterministic model for the purpose of facilitating the use of infor-

mational analysis (26;27). Given an explicit scenario, Smith's RSM
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variant uses experimental designs, with the characteristics of ortho-

gonality and rotatability, and multiple regression to capture the

responses of the deterministic model in a carefully selected postulated

model. Using a carefully selected postulated model, built from ortho-

gonal and rotatable experimental designs, extensive informational anal-

ysis can be easily performed.

The purpose of this thesis was to automate the application of

Smith's RSM variant to the AZM. The purpose, of course, is to improve

AF/XOXR-MAA's ability to perform informational analysis in real time.

Also, the ability to accurately predict the ARM and to provide more

Informational analysis are two other reasons.

Conclusions

The advantages of applying Smith's RSM variant to a deterministic

model like the ARM are accurate predictions and abundant informational

analysis in real time. However, there are other advantages and some

disadvantages along with some limitations.

Predictability. The ability of the estimated model (postulated

model after its parameter coefficients are estimated) to accurately

predict the ARM was shown in Chapter Four under the Estimated Model

Validation Step. But, accuracy is determined by the user. The user

should know within what bounds (standard deviation) the response of the

estimated model should fall for the estimated model to be proclaimed as

accurately predicting the ARM response.

From the twenty randomly chosen test points shown in Figure 4.10,

the standard deviation of the estimated model's response was +/- 2.479

with a mean deviation of +0.164. Three test points inflated the bounds.
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Without those three test points, the accuracy of the estimated model

becomes much better because the standard deviation of the estimated

model's response would be +/- 1.318 with a mean deviation of -0.551.

However, a user cannot arbitrarily delete a test point to improve

the estimated model's ability to predict the ASM's response. The

purpose of showing the improved statistics after deleting the three high

deviations, Is to demonstrate that the ability of the estimated model to

capture the ANN output surface (responses) fluctuates over the output

surface. The ability will be better in some areas of the surface and

worse in others. Therefore, a user should be aware of what point on the

output surface he/she is estimating a response for and Judge that

estimate with prior ARM output near that point and/or with the residuals

calculated from nearby design points.

If a user can accept the standard deviation of the estimated model,

then the user gains the ability of ARM predictability in real time.

Instead of requiring three hours to execute (at AF/XOXR-HAA), the esti-

mated model can predict the AIM's response within two seconds. This

advantage can be extremely valuable when an answer is needed imedi-

ately.

Informational MAiks. The ability of the estimated model to

allow informational analysis to be extracted quickly and more abundantly

was demonstrated in Chapter Five. Figures 5.2 through 5.5 showed how

the parameter estimates of the estimated model could be used to

enlighten the relationships between the factors (independent variables)

and the response (dependent variable), to clarify the relative worth of

each factor towards the response, and to develop constant damage expec-

tancy (DR) contours given various factor combinations. However, the
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user was warned to evaluate any Informational analysis with regards to

the A M scenario, such as targeting strategies and priorities, to obtain

a more complete picture of the information gained through the analysis.

Further Mvantages Plus Disadvantageg/Limitations. Taken from

Smith and Mellichamp, there are some more advantages to using Smith's

RSM variant along with some disadvantages and limitations (27:62,63).

Besides the advantage of predictability and abundant informational anal-

ysls in real time, Smith's RSM variant also allows insight into the

deterministic model itself and can be used with any deterministic model,

whether linear or nonlinear, Including optimization models.

There are three disadvantages/limitations to using Smith's RSK

variant. First, Smith's RSM variant is highly scenario dependent. If a

factor or the range of a factor changes, the current estimated model

becomes Invalid. A new estimated model would have to be constructed to

accommodate the changed factor or range. Second, no extrapolation can be

performed outside the ranges of the estimated model's variables.

Oxtrapolation outside the factor ranges can lead to erroneous infor-

mation. Last, large numbers of the deterministic model executions are

required to construct postulated models containing many variables. For

example, for this thesis it took 193 AEIM executions to obtain the neces-

sary data for the construction of the twelve variable postulated model.

Observations

Two observations are noted. One occurred while building the RSMed-

ASH program, and the other after the program was tested with the appli-

cation (Chapter Four). First, part of building any subroutine or

section of computer code that purports to accomplish some feat is the
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responsibility of assuring the code (verifying) does accomplish the

feat. All the main-menu subroutines of the RSNed-ABM program were

verified. The verification of the RGRSSION subroutine is reported in

Chapter Four. It is from verifying the the RORSSION subroutine that the

first observation occurred.

Verification of the RGRSSION subroutine meant insuring the RGRSSION

output was correct. The output from the regression package of SAS was

the absolute (Appendices 0 and R). Three sets of variables -- three,

seven, and twelve -- were used in the verification (only the twelve

variable set is reported in this thesis). While comparing the limited

regression output of the RGRSSION subroutine to the corresponding output

of SAS's regression package for each set of variables, other SAS

regression statistics, particularly those used with stochastic models,

were behaving as if they could be used with a deterministic model (e.g.,

mean square error (MSE), adjusted R2, F-test for the betas (Je), and t-

tests for the parameter coefficients). This observation is important

because most regression statistics are calculated with variance

presupposed, and since deterministic models do not have variance, those

statistics are assumed not applicable.

The second observation was regretfully noticed after the test

application was nearly complete. In Chapter Three, it was assumed that

a B-52 could not carry both penetrating bombs (gravity and SRAMs) and

ALCMs at the same time. This meant using two design variables to

represent the weapons that a B-52 can carry: B-52PEN and B-52C4C. The

maximum number of B-52s was set to be 156 carriers. To insure that the

max of 156 B-52s was never exceeded, the experimental design should

never have a +1 for both design variables at the same time. Unfortu-

so
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nately, the twelve variable Box-Behnken design does not accomplish this.

At the conclusion to the test application, it was noticed that, at

times, when the experimental design had both B-52 design variables coded

at +1, the AIH scenario was using a maximum of 312 B-52s instead of 156.

Five recommendations for future research are noted. First, the

RSHed-ASN program could probably be written more efficiently than It

currently is. Second, other types of postulated models could possibly

be used with the ASM. Third, a graphics subroutine could be written for

the automated RSHed-AIM program that would automatically produce the

graphs of Chapter Five. Fourth, the automated RSMed-AKD program could

be spliced with the ARM to eliminate the function of Tool Two. Fifth,

and last, the applicability of all regression statistics to determi-

nistic models could be decided (refer to the Observations section of

this chapter).
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Apendix A: Box-Behnken Designs

There are ten Box-Behnken experimental designs ranging from three

to sixteen variables (designs for eight, thirteen, fourteen, and fifteen

variables are not available). The designs are taken from Box and

Behnken's article (1). Each Box-Behnken design uses a certain code

scheme. Each code scheme shows a plus or a minus sign. The plus sign

corresponds to the high range and the negative sign relates to the low

range.

A code scheme is shown first and then those Box-Behnken experi-

mental design(s) that use that code scheme next. Each line of an exper-

imental design, except the last line, shows which variables are affected

by the code scheme. Per experimental design line, the values of the

variables are changed for each line of change in the code scheme. The

last line of each experimental design refers to replacing coding all

variables with their medium values. The designs are listed in ascending

order:

Code Scheme A:

4.-

++

For Three Variables:

1 2
1 3
2 3
0 0
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For Four variables:

1 2
3 4
1 4
2 3
13
2 4
0 0

For Five Variables:

1 2
3 4
2 5
13
4 5
2 3
1 4
3 5
1 5
2 4
0 0

Code Scheme B:

- -

3~ 4, 6,

'- - -

+ - +
-4+ +

For Six Variables:

1 2 4

3 4 7

2353

"S. 1 4 5
256
1 36

For Seven Variables:

4 5

5 34 7
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*For Nine Variables:

1 47
2 5 8
36 9

1 267
156
2489
3579
3 1478
258
3698
000

Code Scheme C:

Fo+ TnVaibls

24474-

1 2 5--

2+3-74
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1 3 6 9
4 5 6 8
0 0 0 0

For Twelve Variables:

1 2 5 7
2 3 6 8
3 4 7 9
4 5 8 10
5 6 9 11
6 7 10 12
1 7 8 11
2 8 9 12
1 3 9 10
2 4 10 11
3 5 11 12
1 4 6 12
0 0 0 0

For Sixteen Variables:

1 2 6 9
3 4 8 11
5 10 13 14
7 12 15 16
2 3 7 10
1 4 5 12
6 11 14 15
8 9 13 16
2 5 6 13
4 7 8 15
1 9 10 14
3 11 12 16
3 6 7 14
1 5 8 16
2 10 11 15
4 9 12 13
1 3 13 15
2 4 14 16
5 7 9 11
6 8 10 12
4 6 10 16
3 5 9 15
1 7 11 13
2 8 12 14
0 0 0 0

Code Scheme D:

---

a - % '- '
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- 4---

4-4-4.

.4 --

--- -

3 4- 4 7

4-44-

FOr eleven Variables:

3 7 8 9 11
1 4 8 9 10

2 5 9 10 11
1 3 6 10 11

1 2 4 7 11

3 4 5 7/10
4 5 6 8 11

2 6 7 8 10
0 0 0 0 0

86

% .V - ' ' V.' , <-



Apmn ILL RSe.A flt rhzh f ~an

c Title
c

c Automation of RSK to ARM
C

Program RB~edABH

call menu
stop
end

C

cccccccccCccccCcccCccCcccccCccccccCcccccCccCcccccccCccccccccCcccccCcccccccccc
C C
c Functions and Subroutines c
C C

CCCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCccCCccccccccc

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c C

Subroutine Menu
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C

c Purpose: Subroutine Menu controls branching within this program. it
c allows the user to select what he/she wants to do. The options
c available are:
c
c (I) Input Data -- input the number of variables and their
c quantities.
c
c (U) Build lincoded Design -- build the uncoded design that is
c used as Input to the AIM.
c
c (C) Build coded Design -- build coded design that Is used with
c a regression package to calculate the
c regression equation's coefficients.
C

c (R) Regression Analysis -- perform regression analysis on
c the ASH output.
C
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c (D) Decode -- decode the estimated regression equation's
c coefficients calculated under (C) above.
c
c (3) Exit -- exit this program.
C
c

c Variables:
c
c

charactert1 finished,readcr,dirction,code
data finished/'n'/, readcr/' 'V, dirction/' 'I/

c
c
c Begin:
C
C

10 if (finished .eq. 'n') then
call scrlscrn(24)
print 100

100 format (' M,,*,,*,*,,,,,,,,****,, MAIN MENU ,

call scrlscrn(4)
print ', ' (I) Input Data'
call scrlscrn(1)
print *, ' (U) Build Uncoded Design'
call scrlscrn(1)
print 2, ' (C) Build Coded Design'
call scrlscrn(1)
print t, ' (R) Regression'
call scrlscrn(1)
print *, ' (D) Decode'
call scrlscrn(1)
print *, I (X) Execute Equations'
call scrlscrn(l)
print *, ' (M) Exit Program'
call scrlscrn(3)
print *, ' Please enter a letter:
call scrlscrn(l)
read (*,200) dirction

200 format (a)
if (dirction .eq. 'I' .or. dirction .eq. 'I') then
call InptData

else
If (dirction .eq. 'U' .or. dirction .eq. 'u') then
code = In'
call CodeDsgn(code)

else
if (dirction .eq. 'C' .or. dirction .eq. 'c') then
code = IV
call CodeDsgn(code)

else
if (dirction .eq. 'R' .or. dirction .eq. 'r') then
call Rgrssion
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e lse
if (dirction .eq. 'DIn or. dirction .eq. 'd') then
call Decode

else
if (dirction .eq. 'K' .or. dirction .eq. 'x') then
call Xcuteqns

else
If (dirction .eq. 'I' .or. dirction .eq. 'e') then

finished = l'
else
call scrlscrn(11)
print 300
call scrlscrn(11)
read (',200) readcr

end if
end if

end if
end if

end if
end if

endi f
go to 10

end if
300 format C' 'F'Dad inputtl Press Oreturnm to try again:')

return
end

c
C
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

Subroutine InptData
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c
c Purpose: Subroutine InptData Is the 1controllerO subroutine for
c entering all data pertaining to the ARM.
c
C
c Variables:
c
c
c paramtrs -- the number of design parauters.
c external -- flag that reflects whether or not the parameter's data
c already resides on an ECXTERNAL data set.
c goodchar -- flag that reflects ;hether or not user input for yes-no
c questions Is an acceptable character.
c exit -- flag that allows the user to exit this "main* subroutine
c if there is an unrecoverable error or, indirectly through
c the "getdataO variable, If an experimental design Is
c unavailable.
c getdata -- flag that allows the user to input the parameter's
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c characteristics If an experimental design can be made of
C use.
C
c

integer*2 paramtrs
common /parms/paramtrs
charactert1 externalgoodcharexitgetdatacode

c
c
c Begin:
C
C
c Ask the user if he wishes to use an outside source to enter the
c number of design parameters and their characteristics. Hake sure
c the user responds correctly.
C
c

1 call ScrlScrn(ll)
print t, 'Does data already reside on external data set? (y/n)'
call ScrlScrn(l1)
read (',2) external

2 format (a)
call ChckChar (externalgoodchar)
if (goodchar .ne. 'y') then
call BadChar
go to 1

end if
C
c
c If user wishes to use external data, branch to Subroutine XtrnlDat.
c If not, then the user wishes to Input the data via the scope.
c Therefore, start the interactive input by branching to
c Subroutine GetParms.
c

if (external .eq. 'y' .or. external .eq. 'Y') then
call XtrnlDat(exit)

else
call GetParms(getdata)

c
c
c If the user has found an adequate design for the number of parameters,
c branch to Subroutine AskForlt to Interactively input each parameter's
c characteristic. If not, set the exit" variable appropriately to
c exit this subroutine and back to the Main Menu.
c
c

if (getdata .eq. 'y') then
exit - I'
call AskForlt

else
exit I y'

endif
endif
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C
c
c If there is not an unrecoverable error or the user does not wish to
c exit the system, branch to Subroutine VerfyDat to allow the user to
c verify, change, or correct each parameter's characteristics. Next,
c branch to Subroutine Savelt to allow the user the chance to save
c the parameter data.
c
c

if (exit .eq. 'n') then
call VerfyDat
call Savelt

endif
C
C

c Mission complete:
C
C

return
end

c
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

Subroutine XtrnlDat(baddata)
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C
C
c Purpose: Subroutine XtrnlDat uses an external data set to enter the
c design variables' characteristics.

c
C

c
C

C

c Var iables:

c
C
ccc COMMION VAR I ABLgS:
c

c paramtrs -- the number of design paramters.
c varnames -- the name associated with each parameter.
c controls -- the number of ANM variables controlled by each design
c parameter.
c oid -- mid point between the low and high value for each
c parameter.
c dlv -- the difference between the low and mid points for each
c parameter which is the same as the difference between
c the mid and high points for each parameter.
c low -- the low value for each parameter.
c high -- the high value for each parameter.
c
c
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ccC
c
c
c baddata -- a flag to notify the Subroutine InptData that the input
c data from the external data set is bad.
c readcr -- this variable does nothing more than accept user "returns"
c or other superficial user input.
c I -- a counter for DO loops.
c

inteqer'2 paramtrs
common /parm/pramtrs
Integer*2 controls(16)
double precision mid(16),div(16),lov(16),high(16)
common /uncode/mid,div, lov,high,controls
character*e varnames(16)
common /names/varnames
charactertl baddata,readcr
integer*2 I

c

c Begin:
c
c

c Initialize the folloving variables and open the external file for
c reading. If there is an error openning the file, notify the user.
C
c

1=0

baddata = In'
paramtrs = 0
open (unit=4,file='varibles.dat',status='old',err=$)

C
C

c Read in the data from the external data set. If an error occurs,
c inform the user and exit this subroutine.
C
c

read (4,2,end=3,err=5) varnames(i),lov(i),high(i),controls(i)
2 format (2X,AS,2X,F7.2,2X,F7.2,2X,I2)

div(i) = (high(i) - lov(i)) / 2.0
mid(i) = (low(i) + high(i)) / 2.0
paramtrs = paramtrs + 1
go to 1

c
c
c Check the data for logic error. Logic errors will occur if the
c the data is out of range. If there is an error, set the appropriate
c flag which notifies the user of it.
c
c

3 do 4 1 = l,paramtrs
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C

c Is the number of design parameters within range?
C
C

If (parautrs .lt. 3 .or. paramtrs .gt. 16) then
baddata z Iy'

end if
If (paramtrs .eq. 8 .or. paramtrs .eq. 13 .or.
& paramtrs .eq. 14 .or. paramtrs .eq. 15) then
baddata = 'YV

end if
C
C
c Are the low values for each design variable within range?
C
C

If (low(I) .lt. 0 .or. low(i) .gt. 9999) then
baddata a I

end if
C
c
c Are the high values for each design variable within range?
C
C

If (high(i) .lt. low(i) .or. high(i) .gt. 9999) then
baddata = I

end if
C
C
c Are the number of ARM variables controlled by each design within range?
c
c

If fcontrols(i) Ilt. 1 .or. controls(i) .gt. 4) then
baddata = I

endif
4 continue

c
c
c If data is bad, Inform the user and insure the "baddata" flag is set
c before exiting this subroutine.
c
c

if (baddata .eq. 'i) then
5 baddata = I

call ScrlScrn(11)
write (',6)

6 format C' There is a problem with the external input. Please '

& 'exit this program and'/' Insure that the input data is '
& 'correct. Press "returnO to continue.')

call Scrlscrn(1O)
read (1,7) readcr

7 f ormat (a)
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end If

c Close the external data set and branch to the "subroutine exit code".
C
C

close(4)
go to 10

c

c Error code for openning the external data set.
c
C

8 call Scrl~crn(l1)
write (2,9)

9 format (I An error has occured from trying to open data set '

&1'Varibles.Dat*. Please i/1 correct the problem or reenter,
&'Subroutine InptData and enter the data via the'/' scope. '

&'Press "return" to continue.')
call ScrlScrn(9)
read (',7) readcr
baddata = I

c

c Mission complete:

c
10 return

end
c
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine GetParms(getdata)
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C
c
c Purpose: if the user wishes to enter design variable information
c via the scope, find out first how many design variables
c are of Interest.
c
c
c Variables:
c
c
c paramtrs -- the number of design paramters.
c doagain -- a flag that relates the user's wish to try another
c experimental design If there is no design, currently,
c for the number of design variables he/she is
c interested in.
c getdata -- a flag that Is sent back to Subroutine inptData that
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c relates whether or not the user found an appropriate
c design number parameter.
c correct -- a fail-safe flag to insure the user is satisfied with
c his/her choice for the design variable parameter.
c goodchar -- flag that reflects whether or not user input for yes-no
c questions is an acceptable character.
c
C

integer*2 paramtrs
common /parms/paramtrs
charactertl doagain,getdata,correct,goodchar

c
c
c Begin:
c
C
c Initialize the following variables:
C
C

getdata = 'y'
correct = In'

c
C

c This whole subroutine is nothing more than a WHILB loop. The loop will
c continue until the user determines whether or not he/she can use what
c design variable parameters are available.
C

c
1 if (correct .eq. 'n' .or. correct .eq. 'N') then

C

c
c Allow the user to input the number of design variables of interest.
c Check for input error and then initialize the "doagain* variable.
c~C

call ScrlScrn(ll)
print *, ' How many variables are there? (Max of 16)'
call ScrlScrn(ll)
read (*,*,err=7) paramtrs
call ScrlScrn(24)
doagain = 'y'

c
c
c If the number entered by the user is not within bounds, inform the
c user and check whether or not the user wishes to try another design.
c Check the user's input for the correct possible characters and allow
c the user to re-answer if he/she made an input mistake. If the user
c wishes to retry, allow him/her to reenter the value for the design
c variable parameter. If not, set the appropriate flag to exit this
c subroutine.
c
c

2 if (paramtrs .1t. 3 .or. paramtrs .gt. 16) then
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print 3
3 format (I Value has to be between 3 and 16, inclusively!! ',

& 'Do you wish to retry? (y/n)')
call ScrlScrn(ll)
read (2,4) doagain

4 format (a)
call ChckChar(doagain,goodchar)
if (goodchar .ne. 'y') then
call BadChar
go to 2

endif
else

C
C

c If the user's value for the design variable parameter is within range,
c make sure his/her value is for one of the experimental designs that is
c currently available. If it isn't, again allow the user to retry if
c he/she wishes while checking his/her input for the correct possible
c character.
c
c

if (paramtrs .eq. 8 .or. paramtrs .eq. 13 .or.
& paramtrs .eq. 14 .or. paramtrs .eq. 15) then

print 5, paramtrs
5 format (' Sorry, this program currently has no experimental'

& ' design for ',12,' paramters.'/' Do you wish to'
& ' reenter another value for parameters? (y/n)')

call ScrlScrn(lO)
read (*,4) doagain
call Chckchar(doagain,goodchar)
if (goodchar .ne. 'y') then
call BadChar
go to 2

endif
else

c
c
c If the user got by the first two checks, make sure that he/she is
c satisfied with the selection. Check his/her answer for error. If
c the user likes what he/she has, set the appropriate flag to exit this
c subroutine. If not, allow the user to reenter by again setting the
c appropriate flag.
c
C

print 6, paramtrs
6 format (' Is parameters = ',12,' correct? (y/n)')

call ScrlScrn(ll)
read (*,4) correct
call ChckChar(correct,goodchar)
if (goodchar .ne. 'y') then
call BadChar
go to 2

endif
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end If
endif

C
C

c Allow the user to retry if he/she wishes to do so after failing the
c bounds and designs available checks. If the user did not wisht to
c retry, set the appropriate flag and exit this subroutine.
C
C

if (doagain .eq. 'y' .or. doagain .eq. 'Y') then
go to 1

else
getdata = In'

endif
C

C

c End WHILE loop and branch to subroutine exit code.
C
C

end if
go to 8

c
c
c Error code branching.
c
c

7 call BadInput
go to 1

c
C

c Mission accomplished:
C
C

8 return
end

I' C

c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine AskForlt
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c
c Purpose: Subroutine AskForlt interactively queries the user for
c each design variable's characteristics (i.e., name, low
c and high values, and the number of ARM variables controlled.
c
c
c Variables:
c
c
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ccc COMMON VARIABLES -- refer to Subroutine XtrnlDat for the definitions
c of the mcomionm variables.
c readcr -- this variable does nothing more than accept user "returns"
c or other superficial user input.
c I -- a counter for DO loops.
c
c

integer*2 paramtrs
common /parm/paratrs
character*8 varnames(16)
common /names/varnames
integer*2 controls(16)
double precision mid(16),div(16),low(16),high(16)
common /uncode/mid,div,low,high,controls
character'l readcr
integer*2 I

C

C

c Begin:
C
c
c Before obtaining each design variable's characteristics give the
c user some instructions on how to input the data.
c
C

call ScrlScrn(5)
print 1

1 format (' The following set of questions will ask you for',
&' the variable"s name, its ',/,
&' low and high values, and the number of ASK input variables ,
&'it controls. The ',
a' limit to each variable"s characteristic is:',///,
&' Name -- up to eight characters',//,
P Low Value -- up to a value of 9999',//,
a' High Value -- up to a value of 9999',//,
A' Number of ASM Input',/,
&' Variables Controlled -- up to a value of 4',///,
&' When you are ready to continue, press "return" :')
call ScrlScrn(3)
read (*,2) readcr

2 format (a)
c
c
c Obtain each design variable's name, low and high value, and the
c number of AIH input variables it controls.
c
C

do 14 i = 1,paramtrs
4 cC

c hat is the name associated with this design variable?
c
c
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call Scrlscrn(11)
print 3, 1

3 format (' What is the name for variable ',12,-?')
call ScrlScrn(ll)
read (*,4), varnames(i)

4 format (a)
c

C

c What is the low value for this design variable? Check for input
c error and insure the low value is not less than zero. If either
c happens, let the user reenter the value.
C

5 call ScrlScrn(ll)
print 6, varnames(i)

6 format (' What is the low value for variable ",a8,"?')
call ScrlScrn(ll)
read (*,*,err=15) low(i)
if (low(i) .1t. 0) then
call ScrlScrn(11)
print 7

7 format (' Low value cannot be less than zerol Press '
& 'return" and try again.')

call ScrlScrn(11)
read (*,2) readcr
go to 5

endif
c
c
c What is the high value for this design variable? Check for input
c error and insure the high value is not less than the low value.
c If either happens, let the user reenter the value.
c
C

8 call ScrlScrn(ll)
*. print 9, varnames(i)

9 format (' What is the high value for variable "',aS,'?7')
call ScrlScrn(1l)
read (*,*,err=16) high(i)
if (high(l) .It. low(i)) then
call ScrlScrn(11)
print 10

10 format (' High value cannot be less than low value!! '
& 'Press "return" and try again.')

call ScrlScrn(ll)
read (2,2) readcr
go to 8

endif
C

c
c How many ASH variables are controlled by this design variable.
c Again, check for input error and insure the that the value entered
c is within the bounds. If Input is bad, allow the user to reenter

99

-W-1 . -



c the value.
C
C

11 call ScrlScrn(ll)
print 12, varnames(l)

12 format (' How many ARM input variables does variable 0',aS,
& 0 control?')

call ScrlScrn(ll)
read (*,*,err=7) controls(i)
if (controls(i) .lt. 1 .or. controls(i) .gt. 4) then
call ScrlScrn(ll)
print 13

13 format (' Value has to be between I and 4 inclusively!! ',
& 'Press "return" and try again.')

call ScrlScrn(1l)
read (*,2) readcr
go to 11

endif
c
c
c Compute the "midO and "divu values for each design variable. The
c *mid" and Idivu points are used for obtaining the coded variables
c in the experimental design section of this program.
c
C

div(i) = (high(i) - low(i)) / 2.0
mid(i) = low(i) + div(i)

14 continue
c
C

c Branch to subroutine exit code.
cC

c

c Error checking code.
c
c

15 call Badinput
go to 5

16 call BadInput
go to 8

17 call BadInput
go to 11

c
c

c Beam me up, Scottie.
C

c
18 return

end
c
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C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C C

Subroutine VerfyDat
C c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C

c Purpose: Subroutine VerfyDat allow the user to verify, modify, or
c change each parameter's characteristics.
C

c Variables:
c
C
ccc COMMON VARIABLES -- refer to Subroutine XtrnlDat for the definitions
C of the "como n" variables.
c chngdata -- flag that controls when the User wants to modify parameter
c characteristics.
c correct -- flag that controls when the user is through with this
c subroutine.
c readcr -- this variable does nothing more than accept user Oreturns'
c or other superficial user input.
c goodchar -- flag that reflects whether or not user input for yes-no
c questions is an acceptable character.
c
C

integer*2 paramtrs
common /parms/paramtrs
character'8 varnames (16)
common /names/varnames
integer*2 controls(16)
double precision mid(16),div(16),lov(16),high(16)
comon /uncode/mid,div,low,high,controls
double precision newalue
Integer'2 i,j
character'l chngdatacorrect,readcr,goodchar
character*$ nevvarnu

c
C

c Begin:
c
c
c Initialize the following variables:
c

c
chngdata In
correct In

c
c
c This whole subroutine is nothing more than a WHILE loop. If data is

*c not correct, as It Is assumed not to be when the loop Is first entered,
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c the user is shown his/her data and queried if it is correct or not. If
c user accepts it, the loop and thus this subroutine is exited, else the
c user is alloyed to modify his/her data.
C
C

1 if (correct .eq. 'n' .or. correct .eq. 'N') then
2 call InpTable

c
C
c If the user wants to change the input, ask for which row and column
c the bad data is located on and then for the new value. Check the
c user's input for validity and allow him/her to reenter if necessary.
C

c
if (chngdata .eq. 'y') then

C
C

c Which row? Make sure user input is within range.
C

c
print ', ' Which row is the bad data located on? I
read (t,',err=l5) I
if (I .At. 1 .or. I .gt. paramtrs) then
call ScrlScrn(l1)
print 3, paramtrs

3 format (' Bad inputt! Rows range from 1 to ',12,
& '. Press "return" to retry.')

call ScrlScrn(ll)
read (*,4) readcr

4 format (a)
go to 2

end if
c
C
c Which column? Make sure user inputs within the correct range.
c
c

5 call InpTable
print t, I Which column is the bad data located on?
read (*,',err=16) j
If (j .At. 1 .or. J .gt. 4) then
call ScrlScrn(ll)
print 6

6 forat V Bad input!! Columns range from I to 4. Press'
& ' return to retry.')

call ScrlScrn(ll)
read (*,4) readcr
go to 5

endif
c
c
c Receive the new value from the user and check it for error. Allow
c the user to reenter the data if not entered correctly.
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C

7 call InpTable
print ~,'What Is the new value?

C

c Change the "namew of the variable.
C

If (1 .eq. 1) then
read (*,S), newvarnm

S f ormat (aS)
varnames(i) = newvarnm

else
C

c Change either the low, high, or the number of ASK variables
c controlled by the design variable. Check user Input for error.
c If error occurs, allow the user to reenter.
c

read (',*,err=17), newvalue
c

c Change the low value.
C

if j .eq. 2) then
c
C
c Do not allow the low value to be less than zero. if it is reenter,
c else accomplish the change.
C
c

If (newvalue .1t. 0) then
call ScrlScrn(Il)
print 9

9 format (I Low value cannot be less than zeroti Press '

& 18returnn and try again.')
call ScrlScrn(1ll
read (*,4) readcr
go to 7

else
-: low(i) anewvalue

dIv(i) a (high(i) - low(i)) /2.0
mid(i) -low(i) + dIvMi

end if

c end if

c Change the high value.
c
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if ( ,eq. 3) then
c
C
c Do not allow the high value to be less than the variables low value.
c If it is reenter; else accomplish the change.
C
C

if (newvalue .1t. lov(i)) then
call ScrlScrn(ll)
print 10

10 format ' High value cannot be less than low value!! ',
& 'Press "return" and try again.,)

call ScrlScrn(ll)
read (*,4) readcr
go to 7

else
hgh(i) = newvalue
div(i) = (high(i) - low(i)) / 2.0
mid(i) - low(i) + div(i)

end if
endif

C
C
c Change the number of ASK variables controlled by the design variable.
C
C

If (j .eq. 4) then
C

C
c Value has to be between the numbers 1 and 4 inclusively. If not,
c allow the user to reenter; else, accomplish the change.
C
C

if (newvalue .lt. 1 .or. newvalue .gt. 4) then
call ScrlScrn(ll)
print 12

12 format (' Value has to be between 1 and 4 inclusively!'
& ' Press Oreturnm and try again.')

call ScrlScrn(lI)
read (*,4) readcr
go to 7

else
controls(i) = int(newvalue)

end if
endif

endif
C
c
c Change the Ochngdata" flag back to "now after the user has changed
c the data. This allows the recently modified input data to be shown
c before, if necessary, any further changes are entered.
c
c
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chngdata = In'
else

C
C

c Show the user his/her input and ask if it is correct. This allows
c the user to modify or change the data If he/she wants to. Make
c sure the user inputs the correct answer.
C
C

13 print 14
14 format (/' Is the input to all variables correct? (y/n)')

read (*,4) correct
call ChckChar (correct,goodchar)
if (goodchar .ne. ly') then
call BadChar
call InpTable
o to 13

endif
c
c
c If data is not correct, set the "chngdataw flag to allow the user
c to change it.
c
c

if (correct .eq. 'n' .or. correct .eq. '') then
chngdata = Iyl

endif
end If
go to 1

c
c
c End WHILE loop.
c
c

endif
C

c
c Branch to end of this subroutine.
c
c

go to 18
c
c
c The following are the error branching calls made from the preceeding
c Oread" statements that *read-in* user input.
c
c

15 call BadInput
go to 2

16 call BadInput
go to 5

17 call BadInput
go to 7
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c Mission complete:
c

18 return
end

C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C C

Subroutine Savelt
C C
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C

c Purpose: Allow the user to save his/her Input if so desired.
C

c Vnriables:
C

ccc COMMON VARIABLES -- refer to Subroutine XtrnlDat for the definitions
c of the "comonO variables.
c save -- a flag that reflects the user's desire to save his/her
c data on an externa file.
c retry -- a flag that reflects the user's desire to try and save
c his/her data after an error has occured from trying to
c open the external data set. it is assumed that the user
c can correct the problem outside this program without
c having to exit this program, thereby losing all data.
c readcr -- this variable does nothing more than accept user OreturnsO
c or other superficial user input.
c goodchar -- flag that reflects whether or not user input for yes-no
c questions is an acceptable character.
C I-a counter for DO loops.
c
c

Integjer'2 paramtrs
common /pami/paramtrs
character*$ varnames( 16)
common /names/varnames
integer'2 controls( 16)
double precision mid(16),div(16),low(16),high(16)
common /uncode/mid,div,iow,high,controls
chratet saveretry,readcr,goodchar
integer*2 I

c
c
c Begin:
c
c
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c Write the value of the variables 'paramtral and Ivarnames' to an
c external data set to be used with the RGRSSION subroutine.
C

open (unit=2,name='rgrssion.in',status='old')
open (unit=3,name='decode.in',status=lold')
open (unit=4,name='codedsgn.in',status='old')
write (2,13) paraotra
write (4,13) paramtrs
do 14 1 = 1,parantrs

write (2,15) varnames~i)
write (3,16) varnames(i),lov(i),high(i),mid(i),div(L)
write (4,17) low(i),mid(i),high(i),controls(i)

14 continue
13 format (' 1,12)
15 format I' ,M8)
16 format (' ',A8,2(1X,F7.2),2(1X,F11.6))
17 format C' 1,3(1X,F7.2),1X,1l)

close (2)
close (3)
close (4)

C
c
c Find out If the user would like to save his/her data. Make sure
c the user inputs one of the possible answers.
C

1 call ScrlScrn(ll)
write (',2)

2 format C Do you wish to save your input (yin)? If so, the data',
V' Is written to file'' Ovaribles.datu. Consequently, any ',
&'data already in that file is written over.'/' input (yin):')
call ScrIScrn(9)
read (*,3) save

3 f ormat (a)
call ChckChar (save,goodchar)
If (goodchar .ne. 'y') then
call BadChar
go to 1

end if
c
c
c if the user wants to save his/her data, open the file and write
c the data to it. Check for errors from openning the file and from
c writing the data to It. When finished, close the file.
C

If (save .eq. ' or. save .eq. IYI) then
open (unit=4,file='varibles.dat' ,statusz'old' ,err:7)
do 5 1 = 1,paramtrs

write (4,4,err=10) varnames( I),low( i),high( i),controls( 1)
4 format (2X,AS,2X,F7.2,2X,F7 .2,2X, 12)
5 continue
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6 close(4)
endif

c
c

c Check out of this place.
C
C

go to 12
c
C
c Error checking code:
C
c
c If there is a problem openning the external data set, notify the
c user and see if he wants to retry. Check his input for error and
c allow him/her to reenter his/her answer if there is an error.
C

c
7 call ScrlScrn(ll)

write (*,8)
8 format (' There Is a problem openning data set "varibles.dat.',

aW" Can you correct and retry? (y/n):')
call BcrlScrn(1O)
read (*,3) retry
call ChckChar(retry,goodchar)
if (goodchar .ne. ly') then
call BadChar
go to 7

endif
c
c
c If the user wants to retry, allow him/her to do so. However, it
c is assumed that before the retry, the user will correct the problem
c outside of this program. If the user does not wish to retry, inform
c him/her of the data loss and exit this subroutine.
C
c

if (retry .eq. 'y' .or. retry .eq. 'Y') then
go to 1

else
call ScrlScrn(10)
write (',9)

9 format (' Data was not saved unless it previously resided on',
a ' the external data set.'/' Press "return* to continue.')

call ScrlScrn(ll)
read (*,3) readcr
go to 12

endif
c
c
c This error checking code Inform the user that an error occured
c while trying to write the data to the external data set. The
c file is closed and then this subroutine is then exited.
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C

c

10 call ScrlScrn(10)
write (',11)

11 format (' An error has occured from trying to write the data to',
' the external data set.'/' Data can not be saved!! Examine ',

&'the external data set for possible clues.'/' Press',
&' wreturn4 to continue.')
call ScrlScrn(10)
read (2,3) readcr
go to 6

c
C

c Finished; Capice!!!
C

C

12 return
end

C
c
C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C C

Subroutine ScrlScrn(scrlines)
c C
cccccccccccccccccccccccccccccccccccccccccccccccccccCCCCccccccccccccccccccccccccc

A C

C

c Purpose: Subroutine ScrlScrn scrolls the terainal screen by rolling
c 24 lines across it.
C
C

c Variables:
C
C

c I -- counter for DO loop
c scrlines -- number of lines to scroll
C
C

integer*2 l,scrlines
~C
~C

c Begin:
9c

C
c
c Scroll the number of times as dictated by the passed parameter.
C

c
if (scrlines .gt. 0) then
do 1 i = 1,scrlines

print *,
1 continue

endif
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return
end

C

C c

Subroutine ChckChar (varible,goodchar)
C C

ccCccccccCccCccCccccccCCccCccccccCcccccccccCcccccCccccccCccCcccccCccccc

c Purpose: Subroutine ChckChar evaluates whether or not the passed
c parameter Ovaribles1 value is one of four possible
c characters. The passing subroutine is Informed of the
c results of the evaluation.
C

c Variables:
C

c varible -- contains the value passed by the Inquisitive subroutine
c goodchar -- flag that reflects whether or not user Input for yes-no
c questions is an acceptable character.
c
C

character'l varible,goodchar
C

c Begin:
c
c
c Evaluate the passed parameter and set "results" flag, 'goodcharl,
c to the appropriate value.

If (varible .eq. 'yl or. varible .eq. 'Y') then
goodchar = Il

else
If (varible .eq. In' .or. varible .eq. 'N') then
goodchar = y

else
goodchar = In'

end if
end if

C

c Leave this tiny subroutine:
C

return
end

C

110



cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C C

Subroutine BadChar
C C

ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccCccccccccccccccccc
C

c Purpose: Inform the user that he/she Input the wronge character.
C

c variables:
C

charactertl readcr
C

c Begin:
C

call ScrlScrn(24)
print 1

1 format (I Wronqe character!!! Press "return" to try again.')
call ScrIScrn(11)
read (',2) readcr

2 format (a)
return
end

C

c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine BadInput
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C

c Purpose:
c
c

*c variables:
C

c readcr -- this variable does nothing more than accept user "returns'
c or other superficial user input.
c
c

N character'1 readcr

c Begin:



%r Crw . L

c Inform the user of his/her blunder and then await his/her
c understanding nod.
C
C

call ScrlScrn(l1)
print 1

1 format (I Bad data: Either value entered was too large or non-',
&'numerictIl Press Oreturnm',/,' and try again.')
call ScrlScrn(lO)

2read (',2) readcr
2format (a)

C

c I'm out of here:
C

return
end

C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C c

Subroutine InpTable
C C
cccccccccCccccccccccccccCccccccccccCCccccccccccccccccccccccccccccccccccCcCcCc

C
C

c Purpose: Subroutine InpTable shows the user each design variable's
c characteristic in a formatted style.
c
c
c Variables:
c
c
ccc COMMON VARIABLES -- refer to Subroutine XtrnlDat for the definitions
c of the "common" variables.
c i -- a counter for DO loops.
c
c

integer*2 paramtrs
common /parin/paramtrs
inteqer*2 controls(16)
double precision mid( 16),div(16) ,low( 16) ,high( 16)
coon /uncode/mid,div,low,high,controls
charactertO varnames(16)
common /names/varnames

* integer I
* c

c
*c Begin:
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c Show the user his/her input.
c

call Scrl~crn(24)
print 1

1 format (I Your input for each variable is:'//
a5X,'VariabI&l,13X,'Range',20X,'Number Of AEZI/
&20X, 'Low',1OX, 'NlghI,7X, 'Input Variables Controlled'/)
do 3 1 = l,paramtrs

print 2, varnames( i),low(i),high( i),controls( 1)
2 format (5X,A8,5X,F7.2,7X,F7.2,17X,12)
3 continue

C
c
c Bye, Bye, Love:
C
c

return
end

c
c
c
ccccceccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine CodeDsqn(code)
c c
ccccccccccccccccccccccccccccccccccccccccccccccccccCccCccCcccccccccccccccccccccc
C

c Purpose:
C

c Variables:
C

real dsgnstrx(385,64)
common /dsgnatrx/dsgnstrx
integer*2 parantrs,controls(16)
double precision low(16),uid(16),hIqh(16)
common /uncode/paramtrs, low, mid,high,controls
integer'2 features(3:16,3)
common /features/features
charactert1 code
integer*2 i,j,totlrows,totlcols
data features/ 3, 6,10, 6, 7, 0,15,10,11,12, 0, 0, 0,24,

& 4, 4, 4, 8, 8, 0, 8,16,16,16, 0, 0, 0,16,
& 2, 2, 2, 3, 3, 0, 3, 4, 4, 4, 0, 0, 0, 4/

C
c Begin:
C
C
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open (unit=4,name='codedsgn.in',status='old')
read (4,375), paramtrs
do 3 1 z 1,parantrs

read (4,400) lov( I),mid( i),high( I),controls( i)
3 continue

close (4)
if (code .eq. 'y') then
open(unit=7,file='dsgnmtrx.in',status='old')

else
open(unit=8,flle='aem.dat',status='old')

end if
call SetUp
call Design3(code)
totirows = features(paramtrs,l)'features(paramtrs,2) + 1
do 1 1 = l,paramtrs

toticols = toticols + controls(I)
1 continue

if (code .eq. IV') then

If (code .eq. 'y) then

wrie (7,30,sntxIj) ~aat

else
close (8,5) dgmtxI),J= ~olo

endif

clse
elsepse

clse
c ni

30 Vrables:6F41,X

325 frmat 1,2(2114)
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charactertl dsqncode(2:5,16,5)
inteqer'2 dsqnmbrs(3:16,24,5)
colOn /aspects/dsgncode,dsqnmbrs
integer'2 J,k
integer'2 dsgnmbr3(3,2)
lntegert2 dsgnmbr4(6,2)
integer*2 dsgnmbr5(10,2)
integer'2 dsgnabr6(6,3)
integer*2 dsqnmbr7(7,3)
integer*2 dsgnabr9(15,3)
Integer*2 dsgnmbra(10,4)
inteqer*2 dsgnmbrb(I1,5)
integer*2 dsgnmbrc(12,4)
lnteqer*2 dsqnmbrg(24,4)
charactert1 dsgncde2(4,2)
character*' dsgncde3(8,3)
charactertl dsgncde4 (16,4)
character'l dsgn5frc(16,5)
data dsgnmbr3/ 1, 1, 2,

& 2, 3, 3/
data dsgnmbr4/ 1, 3, 1, 2, 1, 2,

& 2, 4, 4, 3, 3, 4/
data dsgnabr5/ 1, 3, 2, 1, 4, 2, 1, 3, 1, 2,

& 2, 4, 5, 3, 5, 3, 4, 5, 5, 4/
data dsgnmbr6/ 1, 2, 3, 1, 2, 1,

2, 3, 4, 4, 5, 3,
& 4, 5, 6, 5, 6, 6/
data dsgnmbr7/ 4, 1, 2, 1, 3, 1, 2,
& 5, 6, 5, 2, 4, 3, 3,
& 6, 7, 7, 4, 7, 5, 6/
data dsgnobr9/ 1, 2, 3, 1, 4, 7, 1, 3, 2, 1, 2, 3, 1, 2, 3,

& 4, 5, 6, 2, 5, 8, 5, 4, 6, 6, 4, 5, 4, 5, 6,
& 7, 8, 9, 3, 6, 9, 9, 8, 7, 8, 9, 7, 7, 8, 9/
data dsgnmbra/ 2, 1, 2, 2, 1, 3, 1, 3, 1, 4,

& 6, 2, 3, 4, 8, 4, 4, 5, 3, 5,
& 7, 5, 7, 6, 9, 5, 7, 7, 6, 6,

10,10, 8, 9,10,10, 8, 9, 9, 8/
data dsgnmbrb/ 3, 1, 2, 1, 1, 1, 2, 3, 4, 1, 2,

& 7, 4, 5, 3, 2, 2, 3, 4, 5, 5, 6,
& 8, 8, 9, 6, 4, 3, 4, 5, 6, 6, 7,
& 9, 9,10,10, 7, 5, 6, 7, 8, 7, 8,
& 11,10,11,11,11, 8, 9,10,11, 9,10/
data dsgnmbrc/ 1, 2, 3, 4, 5, 6, 1, 2, 1, 2, 3, 1,
4 2, 3, 4, 5, 6, 7, 7, 8, 3, 4, 5, 4,
& 5, 6, 7, 8, 9,10, 8, 9, 9,10,11, 6,
& 7, 8, 9,10,11,12,11,12,10,11,12,12/
data dsgnabrg/ 1, 3, 5, 7, 2, 1, 6, 8, 2, 4, 1, 3, 3, 1, 2, 4,

1, 2, 5, 6, 4, 3, 1, 2,
& 2, 4,10,12, 3, 4,11, 9, 5, 7, 9,11, 6, 5,10, 9,
& 3, 4, 7, 8, 6, 5, 7, 8,
& 6, 8,13,15, 7, 5,14,13, 6, 8,10,12, 7, 8,11,12,
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A 13,14, 9,10,10, 9,11,12,
& 9,11,14,16,10,12,15,16,13,15,14,16,14,16,15,13,
& 15,16,11,12,16,15,13,14/
data dsgncde2/'-',4+','-','4',
& 1-1 0-0 10 f0 0+/

data dsgncde3/'-',14','-',#+',,o .g,
&.. 0-111+ 1 4 0+ 0 1 . ,. 4

+0 1+ 0 +1 1+1 9- 1-1 14 00 040 +0/0 0 1 0 +

&at dsnde/+,00+ 0011040 , 0 1 ,040 1 0.+. 1.. 0 ... 1 . . . ..
&.. 1+111 0 0.g.1

& 0 11-9 10 -,0 1+10 f .o,0.,*. 1+040.0 0+1 lA .

c &

040 0 0 1-00- 10.0 lA 0 0 40 1+0 0+900 1. .0 0 .1 10f

c 1,060 00+40+ 10.0

c data dsgnfc/-0,0+ , 1 1+ ,1- 1 1+o, 1 0 0+0 0 -11 4+# 01 04 0,0.10,

C & 1 04 1 .0 0_ 040,+ 6

01 0 040 0400 1 1_ +

& a- 1 - f - 1 0 1 1040 040 041 0 1 .g 00 + 010 04 I 0 00

& a+ 1 - 1 1 ..f0 0 , , 011 1 1 111 11 111 11, + ,1

c a
daa dgcr/C-00+000,0 4 40,0

c 04egin:.

c~ 0 00 00 0. .. , , . . g'00 0a c

da dsnbs18*, * * , ,00000000/ ~ ~
da dsg0,040,20 1 4

do I.,00 J.. =.. 1,3 .S1.0000 00 0,000 00

1 continue

do 1 J- 1,3
do 2 k =1,2
dsgnmbrs(4,j,k) =dsgnmbr3(j,k)

4 continue
1 continue

do 3 J a 1,60
do 4 k =1,2
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dsqnbrs(5,j,k) = dsgnmbrS(J,k)
6 continue
5 continue

do 7 j - 1,6
do 8 k - 1,3

dsqnmbrs(6,j,k) = dsgnmbr6(j,k)
S continue
7 continue

do 9 j - 1,
do 10 k = 1,3

dsgnmbrs(7,j,k) = dsgnibr7(j,k)
10 continue
9 continue

do 11 J z 1,15
do 12 k = 1,3
dsgnmrs(9,j,k) = dsgnmbr9(j,k)

12 continue
11 continue

do 13 J = 1,10
do 14 k = 1,4
dsgnobrs(10,j,k) = dsgnabra(j,k)

14 continue
13 continue

do 15 J = 1,11
do 16 k = 1,5

dsqnobrs(ll,j,k) = dsgnmbrb(j,k)
16 continue
15 continue

do 17 J = 1,12
do 18 k = 1,4
dsgnmbrs(12,j,k) - dsgnmbrc(j,k)

18 continue
17 continue

do 19 J = 1,24
do 20 k = 1,4
dsqnmlrs(16,j,k) - dsgnmbrg(j,k)

20 continue
19 continue

do 21 J = 1,4
do 22 k = 1,2
dsqncode(2,J,k) = dsqncde2(3,k)

22 continue
21 continue

do 23 J = 1,8
do 24 k = 1,3
dsgncode(3,j,k) = dsgncde3(j,k)

24 continue
23 continue

do 25 j = 1,16
do 26 k = 1,4

dsgncode(4,j,k) = dsqncde4(j,k)
26 continue
25 continue
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do 27 J = 1, 16
do 28 k = 1,5

dsgncode(5,J,k) = dsgn5frc(j,k)
26 continue
27 continue

return
end

C
C

C
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C c

subroutine Design3(code)C

*c Pupoe

c Variable:
C

real dsgnstrx(385,64)
co mo n /dsqnmtrx/dsqnmtrx
character'l dsqncode(2:5,16,5)

* integer*2 dagnobrs(3:16,24,5)
common /aspects/dsgncode,daqnmbrs
Integer*2 paiamtrs,controls( 16)
double precision lov(16),mid(16),high(16)
common /uncode/paramtrs, lov, mid,hiqh,controls
inteqer'2 features(3:16,3)
comn /features/features
real desqnvar(1,16)
integer*2 i, J,k,col,row,rowlines, lines,s,totlrows
chazactertl plus,minus,code
data Plus/'+'/minus/'-'/
data dsgnmtrx/246402O/

*c Begin:
C

lines = features(paramtrs,l)
rolines - features(parantrs,2)
a = features(parantrs,3)
do 4 L - 1,lines
do 5 J I ,rovlines

row J + M( - 1) * rowlines)
col =1

* do 6 k - l,paramtrs
if (col .1e. a) then

* ~if (k .eq. dsgnmbrs(paramtrs,i,col)) then

* l1e
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If (dsgncode(s,j,col) .eq. plus) then
dagnintxx(rov,k) = 1

else
if (dsgncode(s,j,col) .eq. minus) then
dsqnatrx(rowvk) z -1

else
print t, 'Error at row ',row,' and column ',k

end if
end if

col z col + 1
end if

end i
6 continue
5 continue
4 continue

If (code .eq. In') then
totirow = row + 1
do 1 1 = I,totlrows

col z 0
do 7 j = l,paramtrs

desqnvar(1,J) = dsgnmtrx(i,1)
7 continue

do 2 J = l1parantrs
do 3 kc l,controls(j)

col =col + 1
if (desgnvar(l,j) .eq. 1.0) then
dsgnmtrx(i,col) - high(J)

else
If (desgnvar(1,1) .eq. 0.0) then
dsqnmtrx(i,col) = mid(J)

else
dsgnmtrx(i,col) = low(i)

end if
end if

3 continue
2 continue
1 continue

endif
return
end

c
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine Rgrssion
c c

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
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C variables:

integer*2 selction(4)
coo n /choices/selct ion
integer*2 response(5)
coon /respnses/response
inteqer*2 i,j,paramtrs,totlrovs,totlcols,obctive,process,dumyarg
logical filesok

c

c Begin:

c~ 5 Th otcominte Fth Irncderfom matrtveyteioloinx;es

c 1) OmtinIput he thpisX martri;
c 2) nitilizethosre vatrix;e n atie ht eur t

c3 Copt the 'XprImeY' matrix;
c 4) Compute the 'XpcimX' matrix;
c 5) Compute the '3'X~vr matrix;

c 10) Compute the 'Yprime' matrix;
c 71) Compute the 'YprlprY' matrix;
c 12) Compute the Onprm' matrix;
c 13) Compute the 19Ymrix;smtrx
c 14) Compute the Onprm' matrix;anIc 11) Compute the 'YprllprY' matrix.

dumyarg = 0
filesok - .true.
call Rgrslnpt(paramtrs,totlrovsprocess,filesok)

If (filesok) then
call ConstVls(parastrs,totlrows,totlcols)
do 2 1 - 1,process

obictive - response(1)
do 1 J - 1,2

call Rgrslnit(paramtrs,totlrows,totlcols,objctive,
selction(J))

If (1 eq. 1) then
call orthoqnl(totlrovs,paramtrs)

endif
call Tmnsposeftotlrows,totlcolsdunyarg,selction(l))
call Ntrx~ply(totlcols,totlrovs,totlcols,dumyarq,

I selction(l))I call Rqrslnvr(totlcols,parastrs,selction(J))
if (J .eq. 2) then

call 'nspose(totlros,dumyarg,objctive,selctlon(2))
call Mtrx~ply(duinyarq, totirows,dumyarq,objctive,

I selction(2))
end if
call Ntrx~ply( totlcols, totlrovs, totlcols, obictlye,
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& selction(3))
call Trnspose(totlcols,duinyarg,objctiveselction(3))
If (1 .eq. 1) then
call CaStats(totlrovs,totlcols,obJctive~selction(1))

else
call NtrxMply(totlrows,totlcols,totlrows,objctive,

selction(4))
call CaStats(totlros,totlcols,objctive,selction(2))

end if
1 continue
2 continue

call RgrsOput(totlcols,totlrosprocessresponse)
call PorDcode(paramtrs,totlcols,processresponse)

end If
* c

c Tim to exit:
* c

return
end

C
c
C
cccccccccccccccccccccccccccccccccccecccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine Rgrslnpt(paramtrs,totlrows,process,filesok)
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C
C
c Purpose: To Input from external sources the required data necessary
c to execute the regression package.
C
C
c Variables:
C
c

* double precision TheDesiqn(3S5,16)
comon /TheDes ign/The Design

* character*$ parmmues (16), blanks$
common /TheNameu/parmnmes, blanks$
Integer*2 paramtrs,totlrow5,objctvesprocess
logical filesok
character readcr~l,fjlenam*8,fileindx24
inteqer*2 i,j,lines,rowlines,vhichone

C
c begin:
C

c obtain the number of parameters and their names.
c

blanksO
whichone 1
open (unitzl,err=S,file='rqrssion.in',status='old')
whichone -2
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read (1,11,err=6) paramtrs
do 1 1 - l,parantrs

parmnmes(i) a blanksS
read (1,12) parwimes(i)

1 continue
close (1)

C

c obtain the mtrix design.
C

whichone = 1
open (unit=2,err=9,file='dsgnstrx.in',status='old')
whichone - 2
read (2,13,err=9) linesrowines
totirows =(linestrowljnes) + 1.
do 5 1 - l,totlrovs

read (2,14,err=9) (TheDesign(i,j), J 1,paramtrs)
5 continue

close (2)
c

c Go get the responses:
C

call HovHnyYs(objctves,process)
call GetRspns(objctves,process,totlrows,filesok)

c
c Get out of here If no errors:
C

go to 15
c

c Error code:
c

8 if (whichone .eq. 2) then
close (1)

end if
filename = 'RGRSSIOMI
fileindx z '.INI
go to 10

9 If (whichone .eq. 2) then
close (2)

end if
filename = IDSONNTRX'
fileindx - '.INI

10 call Frilerror( filenam fileindx,vhtchone)
filesok z -false.
go to 15

c
c Formt statements:
c

11 format (11,12)
12 formt (MXAS)
13 format (2(1,12))
14 format (16(lX,?4.l))

C

c Another subroutine finished:
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15 return
end

c

ccccccccccccccccccccccccccccCcccccccccccccccccccccCccccccccccccccccccccccccccccc
C C

Subroutine HovMnyYs(objctves,process)
C C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C

c Purpose:
C

c Variables:
C

integer'2 objctves,process,objctlat

c Begin:

c Receive the total number of obJectives from the user:
C

obJctlat = 5
1 call ScrIScrn(11)

print 5, objctlat
call ScrlScrn(11)
read (*,6,err=2) objctves
If (obictves .lt. 1 .or. obJctves .gt. objctlmt) then

2 call ScrlScrn(l)
print 7, obictlat
call ScrlScrn(11)
accept 8, readcr
go to 1

end if
c

c Receive the number of obJectives the user wishes to process:
C

3 call Scrlscrn(11)
print 9
call ScrlScrn(11)
read (*,6,err=4) process
if (process Ilt. 1 .or. process .gt. objctves) then

4 call ScrlScrn(l1)
print 7, objctves
call ScrlScrn(11)
accept 8, readcr
go to 3

end if
c
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c rormat statements:

5 format 0' ',How many response objectives (total) are there? '

& '(max of 1,Il,')
6 format (1)
7 format (0 ',Value has to be an integer between 1 and 'II'
& /,.' Press *return" to reenter value:)

8 format (a)
9 format 0' ','How many of the total response objectives do you '

&'wish to process?')
C
c Through:
c

return
end

c
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine GetRspns(objctves,process,totlrows,filesok)
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C
c
c Purpose:
c
c
c Variables:
c
c

double precision Y(385,5)
common /rspnsmtc/Y
Integer'2 response(5)
comon /respnses/response
integer22 objctves,process,totlrows
logical filesok
Integer*2 i,j,k,whichone
character endinq(5)*2,readcr'1, filenameS, fileindx'4
data enig1tn11d,*t1

c
c Begin:
c
c Read In the responses and put Into mtrix 'Y'.
c

whichone - 1
open (unit=3,err=S,file'lrespnses.'In',status='old')
whichone = 2
If (objctves .eq. process) then

c
c if user wishes to process all responses then:
c

do 1 1 l ,totlrows
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read (3,14,err=8), (Y(i,i), J = t,oblctves)
1 continue

do 2 1= 1,5
response(i) = I

2 continue
else

c
c Else, find out which responses the user wants to process.
c

do 7 J = 1,process
3 call ScrlScrn(U1)

print 9, J,ending(j)
call ScrlScrn(ll)
read (*,1O,err=4) response(J)
if (response(i) .At. 1 .or. response(J) .gt. obJctves) then

c
c If user's input is not an integer and not within the bounds,
c make him/her reenter.
c

4 call ScrlScrn(ll)
print 11, objctves
call ScrlScrn(ll)
accept 12, readcr
go to 3

endif
do 5 k = 1,j

if (k .ne. J) then
If (response(k) .eq. response(J)) then

c
c If the user tries to process a response twice, send him/her
c back to the beginning to reenter his/her answer.
c

call ScrlScrn(10)
print 13, response(j),k,ending(k)
call ScrlScrn(ll)
accept 12, readcr
go to 3

endif
endif

5 continue
c
c Read in the response values the user wants to process:
c

k = response(J)
rewind (3)
do 6 1 = 1,totlrovs
if (k .eq. 1) then
read (3,14,err=8), Y(i,k)

else
if (k .eq. 2) then

read (3,15,err=S), Y(i,k)
else
If (k .eq. 3) then
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read (3,16,err=O), Y(i,k)
else
if (k .eq. 4) then

read (3,l7,err=8), Y(i,k)
else

read (3,18,err=8), Y(i,k)
end if

end if
end if

end if
6 continue
7 continue

end if
close (3)
go to 19

C
c Error code:
c

8 if (whichone .eq. 2) then
close (3)

end if
filename = 'RKSPNSES'
fileindx = '.IN
call Filerror(filename,fileindx,whichone)
filesok = .false.
go to 19

* c
c Format Statements:
c

9 format (I ',"What is the number of the ',11,A2,' response ',

& 'objective?')
*10 format (1)

11 format C' ','value has to be an integer between 1 and 'I1,!'
& /,' Press *return" to reenter value:')

12 f ormat (a)
13 format (I ','You have already entered the value 1,11,1 for the ',

&11,A2,1 response objectiveW!,/,' Press wreturnw to reenter:,)
14 f ormat (5(1X,F6.2))
15 format (SX,F6.2)
16 f ormat (15X,F6.2)
17 format (22X,F6.2)
18 format (29X,F6.2)

c
c Another masterpiece!!
c

19 return
end

c
c
C
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine ConstVls(paramtrs,totlrows,totlcols)
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C Cp

c Purpose: To Initialize and setup those variables and matrices whose
c values never change thoughout the program.
C

c Variables:
C

C

character varnamel( 153)'8,varname2(153)*8,times(153)'3
comon /varnames/varnamelvarname2, times
character*$ parmnmes(16 ),blanks8
comon /Theames/parmnme,blanksO
integex*2 selction(4)
common /choices/selction
double precision Ones,Onesprme

4 comon /onesmtcs/Ones, Onesprme
Integer*2 paramtrs,totlrovstotlcols
integer*2 1,j,k,l,lincol,col,nextprin

C

c Begin:
C

c Initialize the variable names.
c

lincol = parantrs + 1
do 2 j= l,parantrs

col =lincol + J
varnamel(col) = parmnmes(J)
varname2(col) = blanksO
times(col)='

2 continue
do 4 j = l,parantrs
do 3 k = J,paramtrs

* If (k .eq. j)then
1 =1+1
varnaml(i) = parmnmes(j)
varname2(l) = parmnmes(k)
tlmes(l)= '

else
col = col 41
varnamel(col) = parmnmestJ)
varname2(col) a parmnmes(k)
times(col) '

end i
3 continue
4 continue

varnamel(l) = 'INTERCEP'
varname2(l) = blankis
times(l) IT

C

c Compute the total columns in the Regression mtrix:
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toticols = 1 + paramtrs

do 6 1 = l,paramtrs
nextprw = paramtrs - (I - 1)
toticols = toticols + nextpri

6 continue
C

c Set the 'seiction' array:
C

do 7 1 = 1,4
selction(i) = 1

7 continue
C

c Initialize matrix 'Ones':
C

ones = 1.0
* C

c Create the transpose of matrix 'ones', i.e., 'Onesprme'.
* C

Onesprme = Ones
C

c Another subroutine finished:
4 C

* return
end

C

C C

Subroutine Rgrslnit(parastrs,totlrows,totlcols,objctive,choice)

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c Purpose: Initialize and compute the variables and matrices necessary
c for regression computations.
C

c Variables:
C

*double precision TheDesign(385,16)
comon /TheDes ign/TheDes iqn
double precision X(385,153)
comon /theXmtrx/X
double precision XprXlnvr(153,153)
comon /XprXinvr/XprXlnvr
double precision SaveX(385,153),Savelnvr(153,153)
comon /SaveMtcs/SaveX,Savelnvr
Integer'2 totldltd(153)
comon /totldltd/totldltd
Integer'2 paramtrs,totlrows,totlcols,objctive,choice
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Lnteger'2 i,j,k,l,m,1lnco1,col,nextprin

c Begin:
C

c First, initialize the 'totldltd' array:
C

go to (1,2),choice
1 do 11 1 = l,totlcols

totldltd(i) = 0
11 continue

C

c Second, compute the regression matrix ('X') by expanding 'TheDesign'
*c matrix.

C

* lincol =paramtrs + 1
do 15 1 l ,totlrows

XMi,) =1.0

do 12 j = parantrs
col =lincol + j

* X(i,col) = TheDesign(i,i)
12 continue

1= 0
do 14 j = l,paramtrs

do 13 k = J,parantrs
if (k .eq. J) then
a = + 1
XM,m) = TheDesign(i,J) *TheDesign(i,k)

else
11+ 1
col I + (2'* paramtrs) + 1
X(i,col) = TheDesign(i,j) * TheDesign(i,k)

end if
13 continue
14 continue
15 continue

c
c Check if user wants to modify the regression matrix.
c

call Stepwise(totlrowstotlcols,objctive)
c

c Save the 'X' matrix for second init.
c

do 17 i = l,totlrovs
do 16 J = 1,totlcols

* SaveX(i,j) = X(i,1)
16 continue
17 continue

c

c Initialize the XprXlnvr matrix by setting the diagonal elements to 1.0:
c

do 19 1 = 1,totlcols
do 18 J = 1,totlcols
if (i .eq. J) then
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Xprllnvr(i,j) - 1.0
else

Xprxlnvr(i,i) = 0.0
end if

18 continue
19 continue

C

c Save the 'XprXlnvr' matrix.
C

do 22 1 = 1,totlcols
do 21 J a ,totlcols

Savelnvr(i,j) = XprXlnvr(I,j)
21 continue
22 continue

return
C

c The second Init: First, remnit the 'X' matrix.
c

2 do 40 1 = l,totlrows
* do 41 J l ,totlcols

X(i,1) =SaveX(I,j)

41 continue
40 continue

c
c Second, remnit the 'XprXlnvr' matrix.
c

do 43 1 = l,totlcols
do 42 J = l,totlcols

XprXlnvr(i,1) = Savelnvr(1,1)
42 continue
43 continue

return
c
c Bye, Bye again:

* c
end

c
c
C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine Stepwise(totlrows,totlcols,objctive)
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c
c Purpose: initialize and compute the variables and matrices necessary
c for regression computations.
c
c
c Variables:
c
c
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integer*2 totidits
co-mon /totldlts/totldlts
integer'? dletions
coo n /dletions/dletions
character'? dpndntnm(5)
comon /dpndntnm/dpndntnm
integer'? totlrows,totlcols,objctive
inteqer'? whchline
character*1 modify,qoodchardeleted,repeat
data dpndntnm/'Y1', 'Y21, Y3', 'Y4', Y5'/

c Begin:

dietions = 0
repeat z =

whchline = 1
1 if (repeat .eq. 'y' .or. repeat .eq. 'Y') then

call ScrlScrn(l1)
'I if (whchline .eq. 1) then

print 3, dpndntnm(objctive)
else

print 4, dpndntnm(objctive)
end if
call ScrlScrn(l)
accept 2, modify
call ChckChar (modify, goodchar)

If (goodchar .ne. 'yin) thenI call BadChar
go to 1

endif
whchline = whchline + 1
If (modify .eq. Iy' or. modify .eq. 'Y') then
call Rdce~trx(totlrovs,totlcols,objctive,deleted)
if (deleted .eq. 'y') then
dletions =dletions + 1

end if
else
repeat=In

endif
go to 1

end if
totldits dictions

c Format statements:
c

2 format (a)
*3 format C' ','Do you wish to delete a variable in response 1,

a'objective 1,A2,1? (yin)')
4 format (I ','Do you wish to delete another variable in response',
V' objective 1,A2,17? (yin)')

c
c Adios:
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return
end

C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C C

Subroutine Rdce~trx(totlrows,totlcols,objctive,deleted)
C C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccCCCccccccccccccccccccc

c Purpose: Initialize and compute the variables and matrices necessary
c for regression computations.
C

c Variables:
C

d double precision X(385,153)
comon /thexmtrx/X
integer'2 totlrows,totlcols,objctive
integer*2 i,col

.5 character*1 okay,readcr,deleted
c

c Begin:
c

1 call Shovars(totlcols,obJctive)
read (*,7,etr=2) col
call ChckNmbr(col,totlcols,okay)
if (okay .eq. In') then

2 call ScrlScrn(ll)
print 5, totlcois
call ScrlScrn(l0)
accept 6, 7eadcr
go to 1

else
if (col .eq. 0) then

deleted In
else
do 4 1 l ,totlrows

X(i,col) = 0.0
4 continue

deleted = I
end if

end if
c
c Format statements:
c

5 format (I YReminder, value has to be an integer between 2 '

&'and ',13,,, or zero.',/,' Press "return' to try again:')
6 f ormat (a)
7 format (13)
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C

c Hope it was good for you; it was good for melt
C

return
end

C

cccCccCCcccccccCccccccccCccccccCccccccccccccccccCcccccccccccccccccccccccccc
C C

Subroutine ShowVars(totlcols,objctive)
C c

ccccccccccccccccccccccCccccccccCCcccccccccccccccccccccccccccccccccccccccccccccc
C

c Purpose: Initialize and compute the variables and matrices necessary
c for regression computations.
C

c Variables:

C

character varnamel( 153 )'8,varname2( 153)'8,times( 153)'3
comon /varnames/varnamel,varname2, times
character'2 dpndntna( 5)
coimo n /dpndntnm/dpndntna
integer'2 totlcols,objctive
Integer'2 i, i,k, instosci, linestkn
character*1 readcr

c
c Begin:
C

lInestkn = 0
do 1 1 = l,totlcols,3
If ((toticols - 1) .ge. 2) then

Inestkn =linestkn + 1
:=+1

print 2, i,varnamel(i,times(i),varname2(i),
& J,varnamel(j), times (j),varnae2 ( 1),
£ k,varnamel(k),times(k),varname2(k)
If (linestkn .eq. 20) then
linestkn =0
call ScrlScrn(1)
print *, 'Press "return" to continue'
call ScrlScrn(l)
accept 3, readcr

end if
else

linestkn = linestkn + 1
if ((toticols - 1) .eq. 1) then
j = I+1
print 2, i,varnamel(i),times(i),varname2(i),
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& J,varnamel(j),timestj),varname2(J)
else

print 2, i,varnameifl),times(i),varname2(i)
end if

end if
I continue

instosci - 20 - linestkn
call ScrIScrn( instosci)
print 4, dpndntnm(objctive),totlcols
call Scrl~crn(l)

c
c Format Statements:
C

2 format (' ',3(2X,13,':I,1X,AS,A3,A8))
3 format (a)
4 format 0' ','For 1,A2,1, which variable, between 2 and ',13,

A&, do you wish to delete?',/,' gnter zero (0) for none:')
C
c No more Ovars" to show:
C

return
end

C

cccccccccccccccccccccccccccccccccccccccccCCcCcCcccCCCCcccCCCCCCCCCCcCcCcccccCC
C C

Subroutine Chckffbr(col,totlcolsokay)
C C
ccccccccccccccccccccccccccccccccccccccccccccccccccccccCcCCCCCCCCCCCCCCCCccCCCcc

c Purpose: initialize and compute the variables and matrices necessary
c for regression computations.
c

c variables:
C

integer*2 dietions
comon /dletions/dletions
integer*2 totldltd(153)
co mo n /totldltd/totldltd
integer*2 i,col,totlcols
charactert1 okay,readcr,deleted,cutalrdy,finished

C
c Begin:
C

if (col .ge. 2 .and. col .1e. toticols) then
okay - y

* else
if (col .eq. 0) then
okay -=y
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e Ise
okay =n

endif
end if
if (okay eq. 'y') then
cutalrdy = In'
finished - In'
1 =0

1 if (cutalrdy .eq. 'n' .and. finished .eq. 'n') then

If (I .le. dletions) then
if (col .eq. totldltd(i)) then
cutalrdy = 'y'

endif
else

finished = lye
endi f

go to I
endif
if (cutalrdy .eq. 'y') then
call ScrlScrn(l1)
write (t,2) col
call ScrlScrn(1O)
accept 3, readcr
okay = In'

else
totldltd(i) = col

endif
endif

2 format ' ','The variable number you inputted, number ',13,
&', has already been deletedtl',/,' Press Oreturn" to continue:')

3 format (a)
return
end

c
C
c

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine Orthognl(rows,parantrs)
C c

* cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c
C

C

c Purpose: To create an orthogonal mtrix out or the regression matrix,
c I.e., 'XI, by using the Gram-Schmidt process.

Cc Varitables:
c
c

double precision X(385,153)
common /theXmtrx/X
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integer*2 rows,paramtrs
double precision Pfctktrx(385,153),Divisors(17)
double precision SSbyCols,xaltplir
Integer'2 columns,xcol,vcol,row

c

c Begin:
C

columns =paramtrs + 1
do 5 xcoi = lcolumns
do 1 row = ,rows

Pfctl~trx(row,xcol) =X(row,xcol)

1 continue
do 4 vcol = ixcol

SSbyCols =0.0

do 2 row irows
SSbyCols = SSbyCols+(Pfct~trx(row,xcol)*PfctNtrx(row,vcol))

2 continue
if (vcol .1t. xcol) then
if (Divisors(vcol) .gt. 0) then
xultplir = SSbyCols /Divisors(vcol)
do 3 row =ilrows

Pfct~trx(row,xcol) =PfctHtrx(row,xcol) -
(xmltplir *Pfct~trx(row,vcol))

3 continue
end if

else
Divisors(xcol) = SSbyCols

end if
4 continue

45 continue
do 7 xcol =1,columns

do 6 row = irows
X(row,xcol) = Pfct~trx(row,xcol)

6 continue
7 continue

c
c Another one bites the dust!!
c

return
end

c
c
c
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc c
c C

Subroutine Trnspose(row,columnoblctive,choice)
c C
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c
c Purpose: Take the transpose of a matrix. control Is managed through
c the variable 'choice'.
c
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C

double precision B(153,5)
co o n /theflutrx/B
double precision Xprime(153,385),Yprime(5,385)
common /trnspses/Xpr ime, Ypr Ise
double precision X(385,153)
coino n /theXatrx/X
double precision Y(385,5)
comon /rspnsmtc/Y
double precision Bprime(5,153)
comon /Bpr ime/Bpr to
Integer*2 rov,column,objctive,choice
integer'2 1,1

c Begin:
* C

go to (l,2,3),choice
C
c Create the transpose of matrix IX', i.e., 'Xprim&l.
C

1 do 11 1 =l,row
do 10 j1,column

Xprime(J,I) = XM,J)
410 continue

11 continue
return

c
c Create the transpose of matrix 'Y', I.e., 'Yprime'.
C

*2 J = obictive
do 13 1 = l,row

Ypriw(1,i) = Y(1,1)
13 continue

S return

c
c Create the transpose of matrix 'B', i.e., 'Bprimel.
c

3 J = obictive
do 15 1 = 1,row

Bprime(i,I) = B(i,j)
15 continue

C
c That's all folks!!
c

* return
end

C

c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccCcccccccCcccccccccccccc
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C C

Subroutine MtrxMply(Leftgide,Inside,RghtSide,objctive,choice)
C C

c Purpose: Multiply two matrices together. Control Is achieved through
c the variable 'choice'.
C

c Variables:
"hi C

C

double precision Y(385,5)
comon /rspnsmtc/Y
double precision X(385,153)
coomn /theXmtrx/X
double precision XprXlnvr(153,153)
coinon /XprXinvr/XprXlnvr
double precision Ones,Onesprme

*comon /onesotcs/Ones ,Onesprme
double precision Xprime(153,385),Ypriin(5,385)
coown /trnspses/XprimeYprime
double precision Bprime(5,153)
comon /Bprime/Bprine
double precision B(153,5)
comon /theBmtrx/D
double precision XpriseX(153,153)
coinon /XprimeX/XprimeX
double precision YprimeYBprXprY,XprimeY(153,5),YprllprY
comon /statmtcs/YprimeY,BprXprY,XprimeYYprllprY
double precision Xtimesfl(385,5)
comon /XtimesB/Xtimesfl
double precision Yprwnes,OnesprmY
integer'2 LeftSide, Inside,RahtSideobjctive,choice
Integer'2 i4j,k

c Begin:
C

J = obictive
go to (1,2,3,4),choice

c

c Multiply matrices 'Xprime' and 'X' and put their product in
Ac matrix 'XprimeX1.
* c

1 do 23 1 = 1,LeftSide
do 22 j = 1,RghtSide

* XprimeX(1,j) = 0.0
do 21 k = 1,inside

Xpr~meX(i,j) =XprimeM,J) + (Xprime(I,k) 'X(k,j))

*21 continue
22 continue
23 continue

return
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c Multiply matrices 'Yprime' and 'Y' and put their product in
c matrix 'YprimeY'.

2 YprImeY = 0.0
do 24 k = 1,Inside
YprImeY = YprimeY + (Yprime(j,k) * Y(k,i))

24 continue
return

C
c Multiply matrices 'Xprine' and 'Y' and put their product in
c matrix 'XprimeY'.
C

3 do 29 1 = l,LeftSide
XprimeY(i,j) = 0.0
do 27 k = 1,inside

XprimeY(i,j) = XprimeY(i,i) + (Xprime(i,k) *Y(k,j))
27 continue
29 continue

C
c Multiply matrices 'XprXlnvr' and 'Xprime' and put their product in
c matrix 'B'.
c

do 32 1 1 ,LeftSide
B(i,J) =0.0

do 30 k 1 RqhtSide
B(i,1) =B(i,j) + (XprXlnvr(i,k) XprimeY(k,j))

30 continue
32 continue

return
c
c Multiply matrices 'Sprime' and 'XprimeY' and put their product in
c matrix 'fprXprY'.

4 BprXprY = 0.0
do 33 k = I,Inside
BprXprY = BprXprY + (Dprime(j,k) * XprimeY(k,j))

33 continue
c
c Multiply matrices 'Yprime' and 'ones' and put their product in
c matrix IYprm)nesI.
c

Yprmones =0.0

do 36 k = ,RghtSide
Yproones = Yprmones + (Yprime(j,k) * ones)

36 continue
c
c Multiply matrices 'Onesprmel and 'VI and put their product in
c matrix 'OnesproY'.
c

OnesprmY = 0.0
do 39 k =1,LeftSide

OnespraY =OnespraY + (Onesprme 'Y(k,j))
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39 continue
C

c Multiply matrices 'YprmOnes' and 'onesprmY' and put their product in
c matrix 'YprllprY'.
C

YprllprY = 0.0
YprllprY = YprllprY + (YprmOnes * OnesprmY)

c Multirly matrices 'VI and 'BI and put their product in matrix
c 'Xtime$81.

do 41 1 = 1,leftside
XtImesB(i,i) = 0.0
do 40 k 1 , inside

XtimesB(i,i) = XtimesB(i,j) + (X(i,k) *B(k,i))

40 continue
41 continue

return
c
c Finished!! Through!! Capice!!
C

end
C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C C

Subroutine Rgrslnvr(totlcols,paramtrs,choice)
c c
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C

c
c Purpose: Take inverse of XprImeX matrix.
c
C

-. c Variables:
c
c

double precision XprXlnvr(153,153)
comon /XprXinvr/XprXlnvr
double precision XprimeX(153,153)

a'como n /XprimeX/XprimeX
a' double precision rwaplier
a' integer*2 i,j,k,totlcolscolumns,paramtrs,choice

c
c Begin:
C

*go to (1,2),choice
c
c Take the inverse of an orthogonal matrix:
c

1 do 10 1 = 1,totlcols
if (XprimeX(i,i) .eq. 0) then
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go to Lu
endif
XprXinvr(i,i) = XprXinvr(i,i) / XprimeX(i,i)

10 continue
return

C
c Take the Inverse of a non-orthogonal matrix:
C

2 columns = paramtrs + 1
do 13 1 = 1,columns
If (XprimeX(i,i) .eq. 0) then

go to 13
end if

C
ccc Find the non-zero element within the column of the 11th element:
c

do 12 j = 1,columns
If (I .eq. J) then
go to 12

else
if (XprimeX(J,i) .eq. 1.09-16) then
go to 12

else
c
ccc Calculate the row multiplier:
c

rwmplier = XprimeX(J,i) / XprimeXM,I)
c
ccc Do a row operation on row 'j' using row 'i':
c

do 11 k =1,columns
XprimeX(J,k) = XprImeX(J,k) - (rwmplier * XprimeX(i,k))
XprXlnvr(j,k)=XprXlnvr(j,k)-(rwmplier*XprXinvr( i,k))

11 continue
end if

end if
12 continue
13 continue

C

c Finish the Job by dividing the matrices by the diagonal elements:
c

do 15 1 = 1,totlcols
if (XprimeX(i,i) .eq. 0) then
go to 15

end if
do 14 J = 1,totlcols

XprXlnvr(i,J) =XprXlnvr(i,j) /XprimeX(i,i)
14 continue

XprimeX(i,I) = XprlmeX(I,I) / XprImeX(i,I)
15 continue

return

c Another one done!?!
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C
end

C
C
C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcCCCCCC~cccCCcc

C C
Subroutine CmpStats(totlrovs,totlcols,objctive,choice)

C C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
C
C

c Purpose:
C
C

c Variables:
c
C

double precision Bprime(5,153)
comon /Bprime/Bprime
double precision YprimeY,BprXprY,XprieY(153,5),YprllprY
common /statmtcs/YprlmeY,BprXprY,XprimeYYprllprY

* double precision SSB(5) ,SSR(5) ,SSTO(5) ,Rsqrd(5) ,AdjRsqrd(5),
& MSR(5),MSB(5),nuartrdf(5),dnmrtrdf(5),totaldfs(5),Fvalue(5),
& ParmSSQs(153,5)
common /statstcs/SSBSSR,SSTO,Rsqrd,AdjRsqrd,MSR,MSE,nurtrdf,
& dnmrtrdf, tota idfs, fvalue,ParmSS~s
double precision Y(385,5)
common /rspnsmtc/Y
double precision xtimesfl(385,S)
comon /Xtlmesfl/XtImesB
double precision Residual(385,5)
common /res idual1/Residual
integer'2 totldlts
common /totldlts/totldlts
integer*2 totlrovstotlcols,objctive,choice
integer'2 I,j,k

C
c Begin:
c

J = obictive
go to (1,2),choice

C
c Compute the parameters' sum of squares:
c

1 do 18 1 = 1,totlcols
ParmSSQs(i,j) =Bprime(J,i) *XprimeY(i,j)

18 continue
return

C
c Compute the SSE, SSR, and SSTO:
C

2 SSE(J) =YprimeY - BprXprY

142



.ra~~~~~~~~~~~~~~~~tr~~~Kr K %;- .. w r,'Sra a rt, , ,vim'.'ana N,'9 NA, rA wns,- j' u fl- V %lVu.d - -*.,v -7% '-V.Su- PP*-

SSR(J) = BprxprY - (YprllprY / totirows)
SSTOMj = YprimeY - (YprllprY / totirova)

C
c Compute the R-squared and Adjusted R-squared statistics:
C

Rsqrd(j) = 1.0 - (SSE(i) / SSTOUj))
c AdjRsqrd(j) = 1.0 - (((totlrows - 1) * SSE(J))/
c & ((totirows - toticols + totidits) *SSTO(i)))
C
c Compute the degrees of freedom for the SSTO, SSR, and SSE respectively:
c
c totaldfs(J) = totirows - 1
c numrtrdf(J) = toticols - 1.0 - totldits
c dnmrtrdf(J) = totaldfs(j) - nuartrdf(j)
C
c Compute the MSR and HSE statistics:
c
c MSRMi = (SSR(J) / numrtrdf(J))
c KSE(i) = (SSE(J) / dnartrdf(J))

* c
c Compute the F-value for the betas' test:
c
c Fvalue(j) =MSR(i) / MSEMi
c
c Compute the residuals:
c

do 11 1 = l,totlrows
Residual(i,J) = Y(i,i) - XtimesB(i,j)

11 continue
C
c Sort the parameters by their sums of squares and then calculate their

c percentage contribution to the SSR:I c
call SortSSOs(ParmSSos,totlcols,objctive)
call LeastVrs(SSR,totlcols,objctive)
reur

c I'ouofhr!
c I'Cu o ee

en
en

C

c

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine SortSS~s(ParmSSs,totlcols,objctive)

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c

c Purpose: To sort the parameters' sum of squares by highest quantity.
c These rankings are used to delete uncontributing variables.
c
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C

c Varilables:
C

double precision ParmSSQs(153,5)
double precision SrtdSSQs(153,5)
coinon /SrtdssQs/SrtdSSQs
character varnamel( 153 )'8,varname2( 153) '8, times( 153)'3
comon /varnames/varnamel,varname2,times
character srtnamel(153,5)28,srttimes(1I53,5)t3,srtname2(153,5)t8
comon /SrtdVars/srtnamel,srttims,srtname2
integer*2 i,j,totlcols,objctive
logical anyexchg

C
c Begin:
C

J = obictive
do 2 1 = 1,toticols

SrtdSS~s(i,j) = ParinSSQs(i,I)
srtnamel(i,J) = varnamel(i)
srttimes(i,J) = times(l)
srtnam2{i,J) = varname2(i)

2 continue
anyexchg = .true.

3 continue
if (anyexchg) then
anyexchg = .false.

do 4 1 = 2,(totlcols-1)
if (SrtdSSQs(i,j) .gt. SrtdSSQs(i+1,j)) then
call Swapwmbr(SrtdSSQs(i,j),SrtdSBQs(i+1,j))
call SwpChtcr(srtnamel(i,j),srttines(i,j),srtname2( 1,1),

& srtnamel(il,j),srttimes(i41,j),srtname2(i+l,j))
anyexchg = .true.

end if
4 continue

go to 3
end if

c
c All sorting done. Have a sorting-good day:
C

return
end

c
c
C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
*c c
* Subroutine SwapNmbx(arglarg2)

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c
c Purpose:
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c Var iables:
C

C

double precision argl,arg2,temp
C

c Begin:
C

temp = argi
argl = arg25 arg2 = temp

c A quick hello -- goodbye:
C

return
end

C

c
qc

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C C

Subroutine SwpChtcr (argll,argl2,argl3,arg2l,arg22,arq23)
C C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C

C

c Purpose:
C

c

c variables:
C

C

character'S argll,arg2l,argl3,arg23,templ,temp3
chrce* arql2,arg22,temp2

C

c Begin:
C

tempi = argl
argll = arg2l
arg2l = tempi
temp2 = argl2
argl2 = arg22
arq22 = temp2
temp3 = argl3
argl3 =arg23
arg23 = temp3

c A lesser-quick hello -- goodbye:
44 c

return
end

c
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cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C C

Subroutine LeastVrs(SSR,totlcols,objctive)
C C

ccccccccccccccccccCccccccCCccccccCccCcccccccCcccccccCCcccccccccccccCcccccccc
C

C

c Purpose: To take the sorted parameters and group them in bunches
c according to their percentage with respect to their SSR.
C

C

c Variables:
C

C

double precision SrtdSSQs(153,5)
common /SrtdSS~s/SrtdSS~s
double precision prcntage(153,5),ttlprcnt(153,5)
comon /prcntage/prcntage, ttlprcnt
double precision SSR(5)
integer'2 totlcols,objctive
integer'2 i,j,k

c
c Begin:
c

J = obictive
ttlprcnt(l,J) = 0.0
k= 1
do 1 i = 2,totlcols
prcntage(i,J) = SrtdSSos(i,j) /SSR(i)
ttlprcnt(i,i) = ttlprcnt(i-l,j) + prcntage(i,J)

1 continue
C

c See you later, alligator; after while, crocidile--
C

return
end

C

C

C
ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

Subroutine RgrsOput(totlcols,totlrows,process,response)
C C

ccccccccccccc"cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C

c Purpose:
C

c Variables:
c

* 146



Integer'2 totlcols,totlrows,process,response(5)
integer*2 i,begin,end, lookat, largest
integer HowMany
charactert1 output,prntalso

C

c Begin:
C
c Allow the user to choose which objective to output.
c

call WhichWay(output)
lookat = HowMany(process)
If (lookat .eq. process) then
begin = 1
end = process

else
largest =response(l)
do 1 1 2,process
if (response(i) .gt. largest) then

largest = response(i)
end if

1 continue
begin = 1
end = lookat

endif
if (output .eq. 'p') then
call ToPrnter(totlcols,totlrows,process,response,largest,begin,

& end)
else
call To~creen(totlcols,totlrows,process,response,largest,begin,

& end,prntalso)
* if (prntalso .eq. 'y' .or. prntalso .eq. 'Y') then

* lookat = HowKany(process)
if (lookat .eq. process) then
begin = 1
end = process

else
J largest =response(l)

do 2 1 =2,process
if (response(i) .gt. largest) then

largest = responseti)
end if

2 continue
begin = 1
end = lookat

end if
call ToPrnter(totlcols,totlrovs,process,response,largest,
& begin,end)

endif
* endif

C
c No more output. Bye.
C
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return
end

c

C

C

ccCcccCccccccCCCcccccCccccccccccccccccccCcccCccccCCCcccccccccccCCccCccccccc
C c

Integer Function HowMany(process)
C C

cccccccccccccccccccccccccccccccccCcccccccccccccCCccccccccccccccccccccccCCCCCccc
C

C

c Purpose: Find out how many objectives the user wishes to print.
c

C

c Varkables:
c
C

integer*2 process
character*1 readcr

c Begin:
c

1 call ScrlScrn(1l)
print 3, process
call ScrlScrn(ll)

J! read (*,4,err=2) HowMany
If (HowMany .1t. 1 .or. HowMany .gt. process) then

2 call ScrIScrn(ll)
print 5, process

d call ScrlScrn(II)
accept 6, readcr
go to 1

endif
c
c Format statements:
c

3 f ormat (' I'I'Hov many of the 1,11,1 processed response '

&'objectives do you wish to output?')
4 format (11)
5 format (I ,,'Input has to be an integer between 1 and 'It'
&I Press OreturnO to reenter:')

6 format (a)
"F C

c Another one bites the dustl!
C

return
end

'Sc

c

c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine WhichVay(output)
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C C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
~C

C

c Purpose:
C

0 C

c Variables:
C

C

charactertl readcr,output
c
c Begin:
C

1 call ScrlScrn(1O)
print 2
call ScrlScrn(10)
accept 3, output
If (output .eq. 'p' .or. output .eq. 'P') then

output = 'p'
else

if (output .eq. 's' .or. output .eq. 'S') then
output = 's'

else
call ScrlScrn(1l)
print 4
call ScrlScrn(11)
accept 3, readcr
go to 1

endif
endif

c

c Format statements:
C

2 format (' ','Enter the letter up" if you wish to print the',
&' regression output. (Actually,',/,' the output is written',
A' to a file for you to print later.) Enter the letter',/,
a' 0s0 if you wish to imediately view the regression output',
&I via this scope.')

3 format (a)
4 format (' Vonge character!! Press "return' to try again.')

c
c Through with this one:
C

return
end

c
C

c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine ToPrnter(totlcols,totlrows,process,response,largest,
abegin,end)
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C C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCcccccCCCCCCcCCCCCCCCCCCCCCCCCCCcc

c Purpose:

c Variables:
C

double precision prcntage(153,5),ttlprcnt(153,5)
coinon /prcntage/prcntage, ttlprcnt
double precision SrtdSSQs(153,5)
copmon /SrtdSSQs/SrtdSSQs
character srtnainel( 153,5)'8,srttimes(153,5)'3,srtname2(153,5)'8
common /SrtdVars/srtnamel,srttimes,srtna2
double precision SH(5),5SR(5),SSTQ(5),Rsqrd( 5) ,AdjRsqrd(5),
I SR(5),HSB(5),numrtrdf(5),dnmrtrdf(5),totaldfs(5),Fvalue(5),

& ParmSS~s(153,5)
coinon /statstcs/SSH,SSR,SSTO,Rsqrd,AdjRsqrd,MSR,MSB,numrtrdf,

& dnmrtrdf,totaldfs, fvalue,ParmSS~s
character varnamel(153)'8,varnam2( 153)'8,times( 153)'3
common /varnames/varnawl,varname2,tims
double precision B(153,5)
conon /theBmtrx/B
integer*2 rspnstkn(5)
comon /taken/rspnstki
character'2 dpndntn.( 5)
comon /dpndntnm/dpndntnm
double precision Y(385,5)
conon /rspnsmtc/Y
double precision Xtimesl(385,5)
comon /Xtimesfl/XtimesB
double precision Residual(385,5)
cosmon /res idualI/Residual
integer*2 totlcols,totlrows,process,response(5),largestbegin,end
integer'2 i,j,k,1eftover,prntdlns,sixty
data rspnstkn/5'O/
data sixty/60/

c

c Begin:
c

open(unit=7,file='regress.dat',status='old')
do 8 1 = begin,end
If (process .eq. end) then

J = response(i)
else

call WhchRspn(process,response,largest,j,i)
end if
write (7,900) dpndntno(j)
write (7,901)
write (7,902)
write (7,903) SSR(j),SS3(j),SSTO(j),Rsqrd(j)
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write (7,912) dpndntna(j)
write (7,913)
write (7,914)
prntdlns = 20
do 3 k = 2,totlcols
If (prntdlns Ilt. sixty) then
prnt.dlns = prntdlns + 1
write (7,916) k-l,srtnamel(k,j),srttimes(k,j),srtname2(k,j),

& SrtdSS~s(k,J),prcntage(k,j),ttlprcnt(k,J)
else

write (7,912) dpndntnm(j)
write (7,913)
write (7,914)
write (7,916) k-l,srtnamel(k,j),srttimes(k,j),srtname2(k,J),

& srtdssos(k,i),prcntage(k,j),ttlprcnt(k,j)
prntdlns = 11

end if
3 continue

leftover = sixty - prntdlns
if (leftover .lt. 10) then
do 2 k = 1,leftover

write (7,911)
2 continue

prntdlns = 0
endif
write (7,904) dpndntno(j)
write (7,905)
prntdlns = prntdlns + 8
do 1 k = l,totlrows
if (prntdlns .lt. sixty) then

prntdlns = prntdlns + 1
write (7,909) k,Y(k,j),XtimesB(k,j),Residual(k,j)

else
write (7,904) dpndntnm(j)
write (7,905)
write (7,909) k,Y(k,j),Xtimesfl(k,j),Residual(k,j)
prntdlns = 9

end if
1 continue

if (I .ne. end) then
leftover = sixty - prntdlns
do 7 k = 1,leftover

write (7,911)
7 continue

end if
8 continue

900 format (I ',///,Tl$,'Regression output for Dependent'
& ' Variable: 1,A2)

901 format (I ',//,TO,' Model Sum of',T27,' Error Sum of',T46,
& I Total Sun of')

902 format (C ',T8,'Squares (SSR)',T27,1Square3 (SSB)',T46,
& 'Squares (SSTOP1,T66,1R-Square1)

903 format (I ',/,1X,3(9X,F8.2,2X),T67,F6.4)
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904 format C' ,///,TI5,'For 1,A2,': Residuals Associated With The',
& ' Design Points')

905 format C ',//,T4,'Design Point',T20,'AEM''s Response',T38,
& 'Postulated Model''s Response',T69,'Residual',/)

909 format (' ',TO,13,T24,F6.2,T49,F6.2,T70,F6.2)
911 format P' ')
912 format (' ',///,T20,'Parameters of ',A2,' Sorted In Ascending',

&I Order',/,T30,'By Their Sum Of Squares')
913 format (I ',//,T39,'Type I Sun',T54,'Percent',T65,

&'Su mme d Percent')
914 format (' ',T5,'Number',T15,'Variable',T39,'of Squares',

&T55,'Of SSR',T69,-Of SSR-,/)
916 format (I ',T5,13,Tl5,A8,A3,A8,T38,Fll.3,T56,2PF5.2,T69,2PF6.2)

close (7)
CIc No more to print. Bye.
c

return
end

C

ccccccccccccccccccccccccccccccccCCCcccccccCCCCCCcCCCCCCCCCCCCCCCCCCCCCccc
c c

Subroutine WhchRspn(process,response,largest,j,i)
Il C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C
c

c Purpose:
c

C
c Variables:
C

integer*2 rspnstkn( 5)
comon /taken/rspnstkn
inteqer'2 process,response(5),largest,i,i
integer*2 k
character ending(5)'2,readcr'l
logical valid
data ending/'st', 'nd', 'rd' ,2*Ith1/

c
c Begin:
C
1 call ScrlScrn(11)

print 5, i,ending(i)
call scrlScrn(ll)
read (*,6,err=2) j
If (j .lt. 1 .or. j .gt. largest) then

C

c If user's Input is not an integer and not within the bounds,
c make him/her reenter.
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c
2 call ScrlScrn(ll)

print 7, largest
call ScrlScrn(ll)
accept 8, readcr
go to 1

endif
rspnstkn(i) = j
valid = .false.

c do 55 k =1,5
c print *, response(k)
c 55 continue
c print ', process,j

do 3 k = l,process
if ( .eq. response(k)) then
valid = •true.

endif
3 continue

if (valid) then
do 4 k = l,i

if (k .ne. I) then
if (rspnstkn(k) .eq. rspnstkn(i)) then

c
c If the user tries to process a response twice, send him/her
c back to the beginning to reenter his/her answer.
c

call ScrlScrn(10)
print 9, J,k,ending(k)
call ScrlScrn(ll)
accept 8, readcr
go to 1

endif
endif

4 continue
else
call ScrlScrn(ll)
print 10, J,ending(j)
call ScrlScrn(10)
accept 8, readcr
go to 1

endif
c
c Format Statements:
c

5 format (' 'I'What is the ',Il,A2,' response objective you want',
&' to output?')

6 format (1)
7 format (' ','Value has to be an integer between 1 and ',Il,'!'
& /,' Press "return" to reenter value:')

8 format (a)
9 format (' ','You have already entered the value ',I1,' for the ',

&II1,A2,' response objective!',/,' Press "return" to reenter:')
10 format (' ','Sorryl! You did not ask for the ',I,A2,1 response',
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&I to be processed!',/,' Press "return" to reenter:')
C

c Just checking on you:
C

return
end

C

cccccccccCcccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C C

Subroutine ToScreen(totlcols,totlrovs,process,response,largest,
& begin,end,prntalso)

c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c

c Purpose:
c

c variables:
C

double precision prcntage(153,5),ttlprcnt(153,5)
comon /prcntage/prcntage, ttlprcnt
double precision SrtdSS~s(153,5)
comon /SrtdSS~s/SrtdSS~s
character srtnamel(153,5)*8,srttimes(153, 5)*3,srtname2(153, 5)'8
coon /SrtdVars/srtnamel,srttimes,srtname2
double precision SSE(5),SSR(5) ,SSTO(5) ,Rsqrd( 5) ,AdJRsqrd(5),
& SR(5),MSE(5),nuartrdf(5),dnmrtrdf(5) ,totaldfs(5),Fvalue(5),
&ParmSS0s(153,5)

common /statstcs/SSEK,SSR,SSTO,Rsqrd,AdjRsqrd,MSR,KSEC,numrtrdf,
& dnmrtrdf,totaldfs,fvalue,ParmSSos

character varnamel( 153)'8,varname2( 153)'8,times( 153 )*3
cosmon /varnames/varnamelvarname2,times
double precision B(153,5)
comon /theBmtrx/B
integer*2 rspnstkn( 5)
coomn /taken/rspnstkn
character'2 dpndntnm(5)
comon /dpndntnm/dpndntnm
double precision Y(385,5)
conon /rspnsmtc/Y
double precision XtimesB(385,5)
comon /XtimesB/XtimesB
double precision Residual(385,5)
cowon /res idual/Res idual
inteqer*2 totlcols,totlrovs,process,response(5),largest,begin,end
charactertl prntalso
integer'2 i,j,k,twenty,lnsscrld,lnstoscl,nineteen
character'l readcr,repeat,goodchar
data rspnstkn/5'O/
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data nineteen/19/,twenty/20/

c Begin:
C

c Allow the user to choose which objective to output.
c

repeat = y
1if (repeat .eq. 'y' .or. repeat .eq. 'Y') then

do 8 1 = ,end
rspnstkn(i) = 0

8 continue
do 5 1 = begin,end
if (process eq. end) then
J = response(i)

else
call WhchRspn(process~response,largest,j,i)

end if
call ScrlScrn(7
write (',900) dpndntnm(j)
write (',901)
write (',902)
write (2,903) SSRMj,SSKMj,SSTOMj,RsqrdMj
call ScrlScrn(6)
lnsscrld = 20
do 3 k =2,totlcols
if (lnsscrld .le. nineteen) then

lnsscrld = lnsscrld + 1
write f',917) k-l,srtnamel(k,j),srttimes(k, J),

& srtname2(k,j),SrtdSS~s(k,j),
& prcntage(k,j),ttlprcnt(k,j)

else
call ScrlScrn(l)
write (',912)
call ScrlScrn(l)
accept 913, readcr
write (',914) dpndntnm(j)
write (',915)
write (',916)
write (*,917) k-l,srtnamel(k,j),srttimes(k,j),

srtnaw2(k,j),SrtdSSQs(k,j),
prcntage(k,j),ttlprcnt(k,j)

lnsscrld =8
end if

3 continue
lnstoscl = nineteen - lnsscrld
call ScrlScrn(Instoscl)
lnsscrld = 20
do 2 k = l,totlrows
If (lnsscrld .1e. nineteen) then

lnsscrld = lnsscrid + 1
write (*,909) k,Y(k,j),xtimesB(k,j),Residual(k,j)

else
call ScrlScrn(1)
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write ('.912)
call ScrlScrn(1)
accept 913, readcr
write (',904) dpndntnim(j)
write (',905)
write (',909) k,Y(k,J),XtimesB(k,j),Residual(k,j)
lnsscrld =6

end if
2 continue

instosci = twenty - lnsscrld
call ScrlScrn(lnstoscl)
write ('.912)
call ScrlScrn(1)
accept 913, readcr

5 continue
6 call ScrlScrn(11)

print *, 'Do you wish to view your output again? (y/n)'
call ScrlScrn(11)
accept 913, repeat
call ChckChar(repeat,goodchar)
if (goodchar .ne. 'y') then
call BadChar
go to 6

end if
go to 1

* endif
7 call ScrlScrn(11)

print *, 'Do you also wish to print your output? (yin)'
* call ScrlScrn(ll)

accept 913, prntalso
call ChckChar(prntalso,goodchar)
if (goodchar .ne. 'Y) then

* call BadChar
go to 7

end if

900 format (C ',T18,'Regression Output for Dependent'
& I Variable: ',A2)

901 format ('',//,T8,' Model Sum of',T27,' Error Sum of',T46,
& Total Sum of')

902 format (' ',T8,'Squares (SSR)',T2?,'Squares (SSK)',T46,
& 'Squares (SSTO)',T66,'R-Square')

903 format (I ',/,1X,3(9X,F8.2,2X),T67,F6.4)
*904 format (' ',T15,'For ',A2,-: Residuals Associated With The',

A I Design Points')
905 format (' ',//,T4,'Design Point',T20,'AEM''s Response',T38,

& 'Postulated Modell's Resp-onse',T69,'Residual',/)
909 format (' ',T8,13,T24,F6.2,T49,F6.2,T70,F6.2)
911 format (' ')
912 format (' 'F'Press "return" to continue.')
913 format (a)
914 format (' ',T20,'Parameters Of ',A2,' Sorted In Ascending',

4' Order',/,T30,'By Their Sum of Squares')
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915 format C ,//,T39,'Type I SUU',T54,1Percent',T65,
&'Su me d Percent')

916 format C' ',T5,'Number',T15,'Variable',T39,'of Squares',
&T55,'Of SSR',T69,'Of SSR',/)

917 format C' ',T5,13,T15,A8,A3,A8,T38,F11.3,T56,2PP5.2,T69,2PF6.2)
C

c No more to print. Bye.
C

return
end

C

c
.1* C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C c

Subroutine ForDcode(paramtrs,totlcols,processresponse)

C

c Purpose: To write the parameter estimates out to a data set for Input
c to the Decode subroutine.
C

C Variables:

c
character varnamel f153)'S,varname2(153)'8,times(153)'3
common /varnames/varnamel,varname2, times
double precision B(153,5)
comon /theButrx/B
integer'2 response(5)
integer*2 i,j,k,parantrs,totlcols,process

C

c Begin:
C

open(unit=7,file='codedbts.in',status='old')
write (7,11) paramtrs,totlcols,process
do 1 k = 1,totlcols

write (7,14) varnamel(k),times(k),varname2(k)
1 continue

do 3 1 = 1,process
j=response(i)

write (7,12) j
do 2 k = 1,toticols

write (7,13) B(k,i)
2 continue
3 continue

close (7)
c
c Format statements:
c

11 format (1X,12,1X,I3,lX,1l)
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12 format (1X,11)
13 format (1X,F9.5)
14 format (lX,A8,A3,A8)

C
c I'm finally finished with the entire Rgrssion Subroutine:
C

return
end

C

ccccccccCccccccccccccccCccccCCcccCccccCccccccccccccccccccccccCccccccccccccccc
C C

Subroutine Filerror(filename,fileindx,whichone)
C C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C
C

c Purpose:
C

c Variables:
C

integer'2 whichone
character filenase*8,fileindx*4,readcr*1

C
c Begin:
C

call ScrlScrn(1O)
if (vhichone .eq. 1) then
print 1, filename,fileindx

else
print 2, filename,fIleindx

endif
call ScrlScrn(1O)
accept 3, readcr

1 format (I ,,'An error has occurred while attempting to open '

£'fiie 01,A8,A4,-.-,/,- 9xit this program and ensure the file '

&'exists and Is capable of being read.',/,' Press "return*:')
2 format C ','An error has occurred while reading the data In '

&'file '8A,.,/ Exit this program and ensure that data '

Vexists and Is In the correct format.',/,' Press Nreturn8:1)
3 format (a)

c
c Bye, Bye:
c

return
* end

c
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
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C

Subroutine Decode
C C
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
C
c Purpose: Subroutine Decode decodes the estimated parameter estimates
c receives the regression equation's coefficient
c estimates, which were estimated with coded input, and transform
c then
c
c

c variables:
C
C

integer'2 i,k,paramtrs,totlcolsprocess,response(5),objctive,
& thsedone (5),prtrcntr

character dpndntnn(5)'2,doitt1,qoodchar'l
logical filesok
data dpndntnm/'Yl','Y2', 'Y3', 'Y4',, 'Y5'/

C
c begin:
c

filesok a.true.
call Decodeln(paramtrs,totlcols,process,response,filesok)
if (filesok) then
call StghtFwd(paramtrs,totlcols,process,response)
k=O0
do 2 1 = l,process

obictIve = response(l)
1 call ScrlScrn(ll)

print 3, dpndntnm(obJctive)
call ScrlScrn(11)
accept 4, doit
call ChckChar (doit,goodchar)
If (goodchar .ne. 'y') then
call BadChar
go to 1

end if
if (dolt .eq. 'y' .or. dolt .eq. 'Y') then
k =k+lI
thsedone(k) = obictive
call Initvars(paramtrs,objctive,totlcols)
call Calclate(paramtrs,objctive)

end if
2 continue

prtrcntr = k
call DcdePrnt(paramtrs,totlcols,thsedone,dpndntnm,prtrcntr)

endif
c
C Format statements:
c

3 format (' ','Do you wish to decode the parameter estimates for',
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&I response objective ',A2,1? (yin)')
4 f ormat (a)

c Decode no more
C

return
end

C

C
C

d CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCccccCCCCCcccccccccccccccccccccccccccccc

C C

Subroutine Decodeln(paramtrs,totlcols,process,respons ,filesok)
c c
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C

C

c Purpose: To obtain all input used by the Decode Subroutine.
C

C

c variables:
C

C

double precision div(16),mld(16)
comon /divaids/div,mid
double precision lov(16),hiqh(16)
coinon /lovhigh/low,high
character vamnami (153)28,varname2(153)'8,tims( 153)'3
common /varnames/varnamel,varname2,times
double precision B(153,5)
comon /theflmtrx/B

4 character'8 thenames (16)
comon /Theffams/thenams
inteqer*2 paramtrs,totlcols,processresponse(5)
integer*2 i,J,k,vhichone
character filename'S, fileindx*4
logical filesok

C

c Begin:
c

whichone = I
open(unit=2,err=5,file='codedbts.in',status='old')

* whichone =2
* read (2,l1,err=5) paramtrs,totlcols,process

do 1 1 = l,totlcols
read (2,14,err=5) varnamel(i),tims(l),varname2(i)

1. continue
do 3 1 =1,process

read (2,12,err=5) responsei)
J = response(i)
do 2 k = ,totlcols

read (2,13,err=5) B(k,j)
2 continue

160



3 continue
close (2)
whichone = 1
open (unit=3,err=6,name='decode.in',status='oldl)
vhichone = 2
do 4 1 = l,paramtrs

read (3,16,err=6) tbenames(1),low(i),hiqh(i),mid( I),div( i)
*4 continue

close (3)
go to 17

c
c Error code:
c

* 5 if (whichone .eq. 2) then
close (2)

end if
filename = 'CODEDBTS'
fiieindx = '.IN
go to 7

6 if (whichone .eq. 2) then
close (3)

end If
filename = 'DECODE'
fileindx = .IN

7call Filerror(filename,fileindx,whlchone)
filesok =.false.

c
c Format statements:

* c
11 format (lX,12,1x,13,1X,I1)
12 format (1X,11)
13 f ormat (1X,F9.5)
14 format (IX,A8,A3,A8)
16 format (lX,A8,2(lX,F7.2),2(1X,Fll.6))

c
c I've got my Input, so there:
c

17 return
end

C

c
* cccccccccccccccccccccccccceccccccccccccccccccccccccccccccccccccccccccccccccccccc
*c c

Subroutine StghtFwd(paramtrs,totlcols,process,response)
c c
ccccccccccccccccccccccccccccccccccccccc~cccccccccccccccccccccccccccccccccccccccc
C

c
c Purpose: Put the parameter estimates and names in forward position,

*~ CI.e., XO Xl X2 X3 . . . Xll X12 X13 ... X22 X23 . . . M3.
c
c
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c variables:

cI double precision B(153,5)
co-mon /theButrx/l
double precision frwdbeta(153,S)
common /forwrdBs/rdbeta
character varnamel( 153)'8,varname2( 153)'8,times(153)*3
comon /varnames/varnaelvarname2, times
character fwdnamel(153)'S,fwdname2(153)'8, fwdtimes(153)*3
comon /fwnames/fwnamel, fwdname2,fwdtims
integer'2 paramtrs,totlcols,process,response(5)

Lnteger*2 i,J,k,l,m,n,parmplus,indxl.,indx2,imit

LIc Begin:

parmplus = parastrs + 1
do 4 1 =l,process

J = epne )
frwbet~l~) =B(l,j)

do 1 k = 2,parmplus
frwdbeta(k,J) = B(paramtrs#.k,j)

1 continue

indxl = paramtrs + 1
mndx2 = (2 * paramtrs) + 1
limit = paramtrs

r. do 3 m =I,parantrs
indxl = Indxl + 1
1= 1 +1
frwdbeta(indxl,j) = D(1,j)
limit =limit - 1
do 2 n =1,limit

indxl = indxl + 1
Indx2 = indx2 + 1

2 continue
3 cotinetinx,) Bid2)
4 continue

c obtain the parameter names in forward position

fwdnamel(1) = varnamel(1)
fwdtines(l) z times(1)
fwdname2(l) = varname2(l)
do 5 k = 2,parmplus

fwdnamel(k) = varnamel(paramtrs~k)
fwdtimes(k) z times(paramtrs+k)
fwdname2(k) = varname2(parastrs+k)

5 continue
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indxl =paramtrs 4. 1
Indx2 = (2 ' paramtrs) + 1
limit = paramftis
do 7 a = 1,paramtrs

indxl = indxl + 1

fvdnamel(indxl) = varnamel(l)

fvdname2(indxl) = varname2(l)
limit =limit - 1
do 6 n 1limit

mndxl = mdxl + 1
Indx2 = indx2 + 1
fwdname1(indxl) = varnamel(indx2)
fwdtimes(indxl) = times(indx2)
fwdname2(indxl) =varname2(indx2)

6 continue
7 continue

C

c Don't be forward anymore:
C

return
end

c

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine InltVars(paramtrs,objctlve,totlcols)
C C

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C

c Purpose: To knit Decode's "working" variables.
C

c Variables:
C

double precision frwdbeta(153,5)
common /forvrd~s/frwdbeta
double precision cdebetaO,clinbeta(16),ccrsbeta(136)
common /cdedtrin/cdebetaO,cl inbeta,ccrsbeta
inteqer*2 paramtrsobjctive,totlcols
integer*2 i,j,indx,crsparin

C

c Begin:
C

J = obJctive
C

c obtain the "working" BetaO first:
* c
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cdebetaO z frwdbeta(1,J)
C
c Obtain the "working* lineara betas second:
C

do 1 1= ,paratrs
clibea~i =frwdbeta(i+1,J)

1 continue
c
c Compute the number of pure and cross term; then obtain the "working,
c quadratic betas third:
c

'I' crsparin = toticols - (paramtrs + 1)
indx = paramtrs + 1

do 2 1 = 1,crsparms
ccrsbeta(i) = frwdbeta(indxi,J)

2 continue
c
c My "working* days are over:
c

return
end

c
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine Calclate(paramtrs,objctive)
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccecccccccccccccccc
c
c
c Purpose: To calculate the decoded parameter estimates.
c
c
c Variables:
c
C

double precision div(16),mid(16)
comon /divuids/div,mid
double precision cdebetaO,clinbeta(16),ccrsbeta(136)
comon /cdedtrin/cdebetaO,clinbeta,ccrsbeta
double precision betaO(5),beta(16,5),crssbeta(136,5)
common /decdedfs/betaO,betacrssbeta
Inteqer22 parastrs,objctive

- double precision clintrms,ccrstrw tccrstra
Integer'2 1, j,k, mcli nc2, lnc3,ad justl,ad just2, mdx

c
A.c Begin:

c
c Calculate betaO
c

kc = objctive
clintrms 0.0
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tccrstre 0.0
1ndx = 0
do 12 1 = 1,paramtrs

ccrstrms =0.0
clintrus = clintrw + (clinbeta(i) 2 (mid(i) / div(i)))
do 13 j = i,paramtrs

indx = 1ndx + 1
ccrstrms = ccrstrw + (ccrsbeta(indx) * mid(i) /div(j))

13 continue
ccrstrms = ccrstrms * (mid(i) /div(1))
tccrstrm =tccrstrm + ccrstrm

12 continue
beta0(k) = cdebeta0 - clintrms + tccrstrm

C
c Calculate the linear betas
C

clintras = 0.0
ccrstrw 0.0
incl = 0
inc2 =1
adJust2 = paramtrs + 1
do 14 1 = l,paramtrs

incl = I
adJusti parantrs
do 15 1 = i,paramtrs
if (J Ilt. i) then

ccrstrin ccrstrms + (ccrsbeta(incl) 'mld(j) /div(J))
adJusti adJustl - 1
inc = mnci + adjusti

end if
if (1 .eq. J) then
ccrstrms= ccrstrus + (ccrsbeta(inc2) '2 *mid(i) /div(i))

* inc3 = Inc2
adJust2 = adJust2 - 1
inc2 = Lnc2 + adJust2

end If
if (J gt. 1) then

inc3 = inc3 + 1
ccratrw = ccrstrms (ccrsbeta(inc3) 'mid(J) /div(J))

end if
is continue

beta(i,k) (clinbeta(i) -ccrstrms) / dlv(i)
L ccrStrin 0.0

14 continue

c Calculate the squared and cross termed betas

indx =0
do 16 L1 l,paramtrs
do 17 3 i,parantrs

mndx mndx + 1
crssbeta(indx,k) ccrsbeta(indx) /(div(i) *div(J))

17 continue
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16 continue
C

c Caic or not to Caic --

C

return
end

C

C

C

ccccccccccccccccCcccccccCCccccccCccccccccccccccccccccccccccccccccccccccccecccccc
c C

Subroutine DcdePrnt(paramtrs,totlcols,thsedone,dpndntnm,prtrcntr)
C C
cccccccccccccccccccccccccccccccccccccccccccccccccccecccccccccccccccccccccccccccc
C
C

c Purpose: To print the decoded parameter estimates.

c Variables:

character fwdnamel( 153)*8, fwname2(153)'8,fwdtims(153)'3
common /fwdnamesfwnameI, fwdname2, fwdtimes
double precision betaO( 5) ,beta( 16,5) ,crssbeta(136,5)
common /decdedBs/beta,beta,crssbeta
double precision lov(16),high(16)
comon /lowhigh/low,high
character*8 thenames (16)

- common /TheNames/thenames
integer'2 paramtrs,toticols,thsedone(5),prtrcntr
character'2 dpndntnm(5)
Integer'2 I,J,k, indx,crsstrms,leftover,prntdlns,sixty
data sixty/6O/

c
c Begin:
c
c Write out important info for the OXCI.JIPQNSO subroutine:

open (unit=4,name='xcuteqns.in',status='old')
write (4,7) paramtrs,totlcois,prtrcntr
do 8 1 = 1,parantrs

write (4,9) thenames( i),low( 1),high( I)
8 continue

c
c Start the ball a-rolling:
C

open (unlt=7,nime='decode.out',status='old')
do 12 k =1,prtrcntr

- J = thsedone(k)
write (4,10) J

c

c Now, write out the decoded betas in print format (60 lines):
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C

c Print heading:

write (7,4) dpndntnm(i)
prntdlns = 6

C
c Print BetaO (the intercept):
C

write (7,5), fwdnamel(1),fwdtimes(1),fwdname2(1),betaO(J)
write (4,11), betaO(J)
prntdlns = prntdlns + 1

C
c Print the linear betas:
C

indx = 1
do 1 1 = ,parantrs

indx = indx + 1
write (7,5), fwdname1( indx),fwdtimes( indx),fwdname2(indx),
& beta(i,j)
write (4,11), beta(i,j)
prntdlns = prntdlns + 1

1 continue
C

c Print the quadratic betas:
C

crsstrms = toticols - (paramtrs + 1)
do 2 1 =1,crsstrms
if (prntdlns .1t. sixty) then

Indx = mndx + 1
write (7,5), fwdnamel( indx),fwdtimes( indx),fwdname2( mdx),

£ crssbeta(i,j)
write (4,11), crssbeta(i,j)
prntdlns = prntdlns + 1

else
Indx = Indx + 1
write (7,4) dpndntnm(J)
write (7,5), fwdnamel(indx),fvdtimes( indx),fwdnawe2(indx),

& crssbeta(i,J)
write (4,11), crssbeta(i,J)
prntdlns = 7

end if
2 continue

c
c Finish the page out:
c

leftover = sixty - prntdlns
do 3 1 = 1,leftover

write (7,6)
3 continue

12 continue
c
c Format statements:
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4 format (' ',///,'The decoded parameter estimates for ',A2,' are:',

5 format (' ',2X,A8,A3,A8,2X,Fl8.12)
6 format (' 1)
7 format (lX,12,lX,13,lX,Il)
9 format (IX,A8,2(1X,F7.2))

10 format (1X,I1)
11 format (lX,F18.12)

close (4)
close (7)

C
c I'm printing my life away --

C
return
end

Ccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

c Pupoe

c Vaibls
Ccccccccccccccccccccccccccccccccccccccccc
C

c Vegi: es

caller* Xeulnparatrs,totlcols,process,response),oltv

dt prn ,dnntnml1,Yobjctive) , Y51

call Badueinharatsttclpr esrson )
o to1 1,rcs

obciv repeatne~

If (repeat ne. 'y' o.rpa e.'') then

If (ysn eq. ..' or yen eq 'Y' then -



call userlnpt(paramtrs,totlcols)
call SetUp~qn(paramtrs)
call DoandShw(obictive,dpndntnm,totlcols)

3 call ScrlScrn(ll)
print 7, dpndntnm(objctive)
call ScrlScrn(l1)
accept 6, repeat
call CbckChar(repeat,goodchar)
if (goodchar .ne. 'y') then
call BadChar
go to 3

end if
go to 2

end if
end if

4continue
5 format (I ','Do you wish to execute response objective ',A2,'?',
&I (yin)')

6 format (a)
7 format (I 'I'Do you wish to execute response objective ',A2,

&I again? (yin)')
c
c So long; till nex time:
c

return
end

c
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine Xecuteln(paramtrs,totlcols,process,response)
C c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c
c Purpose:
c
c
c Variables:
c
c

double precision thebetas(153,5)
comon /XecuteBs/thebetas
double precision low(16),high(16)
coon /lovhigh/low,hiqh
character*8 thenames (16)
comon /TheNames/thenames
Integer'2 i,j,k,paramtrs,totlcolsprocess,response(5)

C

c Begin:
c

open (unit=4,name='xcuteqns.in',status='old')
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read (4,7) parantrs,totlcols,process
do 1 1 = 1,parantrs

read (4,9) thenames(i),low(i),hiqh(i)
1 continue

do 3 1 =1,process
read (4,10) response(i)
J= response(i)
do 2 k =1,totlcols

read (4,11) thebetas(k,i)
2 continue
3 continue

7 format (1X,12,1X,13,lX,11)
9 format (1X,A8,2(lx,F7.2))

10 format (lX,I1)
11 format (lX,F18.12)

close (4)
return
end

c
c
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine Userlnpt(paramtrs,totlcols)
c c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c
c Purpose:
c

S C
c Variables:
c
c

double precision lov(16),high(l6)
common /lowhigh/low,high
character'8 thenames (16)
common /TheNames/thenames
double precision varvlues(16)
common /varvlues/varvlues
1nteger*2 i,paramtrs,totlcols
charactertl readcr

c
c Begin:
c

do 3 1 = l,paramtrs
1 call ScrlScrn(l)

print 4, low(i),high(i),thenames(i)
call ScrlScrn(l1)
read (*,*,err=2) varvlues(i)
If (varvlues~i) .gt. high(i) .or. varvlues(i) .lt. low(i)) then
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2 call Scrlscrn(11)
print 5, lov(i),high(i)
call ScrlScrn(lO)
accept 6, readcr
go to 1

end if
3 continue

* C
c Format statements:
C

4 format (I Within the range of 1,F7.2,1 and 1,F7.2,', what is '
&'the value for *',A8,1N?#)

5 format (I Input has to be a real value within the limits of,
&F7.2,1 and ',F7.21.1,/,' Press "return" to reenter.')

6 format (a)
c

*c Goodbye user:
C

return
end

cccccccccccccccccccccccccccccccccceccccccccccccccccccccccccccccccccccccccccccccc
c c

Subroutine SetUpEqn(paramtrs)
c C
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
c
c
c Purpose:
c

c Variables:
c
C

double precision varvlues(16)
comon /varvlues/varvlues
double precision thevlues(2:153)
common /thevlues/thevlues
integer*2 i,j,indx,paramtrs

C
c Begin:
C

do 1 i =l,paramtrs
thevlues(i+1) = varvlues(i)

1 continue
indx =paramtrs + 1
do 3 1 =1,paramtrs

do 2 j = ,paramtrs
1ndx = indx + 1
thevlues(indx) = (varvlues(i) *varvlues(J))

2 continue
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3 continue

c So long;
C

return
end

C

C

C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C c

Subroutine DoandShw(objctive,dpndntnm,totlcols)
C C

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCc

C

C

c Purpose:
C

C

c variables:
C

C

double precision thebetas(153,5)
common /XecuteBs/thebetas
double precision thevlues(2:153)
common /thevlues/theviues
double precision theanswr
integer*2 i,j,objctive,totlcols
charactertl readcr,dpndntnm( 5) '2

C

c Begin:
c

J = obictive
theanswr =thebetas(1,j)
do 1 1 = 2,totlcols

theanswr = theanswr + (thevlues(i) 'thebetas(i,j))
1 continue

call ScrlScrn(l1)
print 2, dpndntnm(j),theanswr
call ScrlScrn(ll)
accept 3, readcr

c
c Format statements:
c

2 format (I ','For 1,A2,1, survey says: f,F6.2,l,
&I Press wreturn":')

* 3 format (a)
c
c Parting is such sweet sorry:
c

return
end
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Since the automation program Is written In For'ran-77 and executed

on the VAX 11/785, the program is started by typing "RUN RSHIDARN.XE"

on a CRT terminal. The automated RS program Is designed to Interact

with the user, so, after starting the program, a main menu will appear

(Figure 4.9). The main menu is used as a guide to show the sequential

execution of the RSMed-AEM program.

Input Dat
By selecting I, the INPTDATA subroutine is invoked allowing the

user to enter all pertinent data (Figures 4.6 and 4.8) for the variables

of interest (design variables). Once the IMPTDATA subroutine is

executed, the user is asked a series of questions, dependent upon the

user's last response.

The user is first asked whether or not the characteristics of the

design variables already reside in the VARIBLES.DAT file. If the design

variable information does not exist, the program queries the user for

the information. The user Is asked to Input the number of design varn-

ables, their names, their low and high values, and the number of ARM

variables each design variable controls. All input is checked for logic

and limit errors. An example of a logic error is a design variable's

high value can not be less than its low value. A limit error will occur

when no Box-Behnken experimental design exists for the number of design

variables of interest. If the user can not use the existing experi-

mental designs, he/she is allowed to exit the INPTDATA subroutine.
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Whether the characteristics of the design variables already reside

in the VARIBLES.DAT file or is entered via the CRT, the information is

gathered in a table and shown to the user via the CRT. The user is

asked to verify that all data is correct. If not, the user is allowed

to change either a variable's name, low/high value, or the number of ASM

variables it controls.

Once verification is complete, the INPTDATA subroutine creates

three files (CODIDSGN.IN, DSCODI.IN, and RGRSSION.IN) that are used

later in the RSHed-ARi program (refer to Appendices G, H, and I). After

those three files are created, the user is allowed the opportunity to

save the design variable information in the file VARIBLKS.DAT. Any

information already in that file is written over. The main menu

reappears once the INPTDATA subroutine finishes its tasks.

Build Uncoded/Codd Design

By selectiig either U or C from the main menu, the COD9DSGN

subroutine is invoked. The CODIDSGN subroutine does not interact with

the user. Its function is to create an experimental design file, coded

or uncoded, dependent upon which selection, C or U respectively, the

user picks.

With the selection of U, the CODHDSGH subroutine reads the infor-

ation from the CODBDSGN.IN file and creates an uncoded experimental

design file entitled ARH.DAT (Appendix J). Once the ASH.DAT file is

created, the main menu reappears. The RS~ed-AIR program should now be

exited (i.e., selection B), and the DATACLCT.COH program executed (Tool

Two of Appendix D).
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with the selection of C, the CODIDSGN subroutine reads the infor-

mation from the CODIDSGH.IN file and creates a coded experimental design

file entitled DSGNTRX.IN (Appendix N) to be used with the RGRSSION

subroutine. Once the DSGNNTRX.IN file is created, the main menu reap-

pears. Cautlom: Do not build the uncoded and coded files at the same

time. Build the uncoded file first (selection U); exit the RSMed-ACM

program (selection 9) to use the DATACLCT.COH program (Appendix D); and

then restart the RSMed-AKI program to build the coded file (selection

C). To do else may result in an error.

By selecting R from the main menu, the RGRSSION subroutine is

executed. The RGRSSION subroutine uses previously created files to

calculate some regression information. The information consists of the

model, error, and total sum-of-squares statistics, the R-Squared

statistic, and the parameter estimate for each term in the postulated

equation. Also, to help the user decide how to reduce a full postulated

equation, the term of the postulated equation are sorted in ascending

order by their contribution to the model sum-of-squares. Finally, a

listing of the ARM response, postulated model response, and their

difference (residual) Is listed per design point.

After invoking the RGRSSION subroutine, the RGRSSION.IN and

DSGNNTRX.IN files are used for input (Appendices I and N respectively).

However, the RGRS8ION subroutine also requires input through user inter-

action. The first question asked the user is OHow many response

objectives (total) are there? (max of 5). The RGRSSION subroutine

needs to read the RISPfNSlS.IN file (Appendix M) but first needs to know
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how many objectives per line there are In the file. Therefore, the user

mast input the total number of objectives that are in that file.

After all Input files are read, the program continues to query the

user for more information. The user is asked to supply hov many of the

total objectives, and In what order he/she wishes to process them

through the RGRSSION subroutine. Also, the user is allowed the ability

to delete term, except the INTERCEPT, if he/she so desires. (This

ability is used for reducing the full postulated model.) Next, the user

is given the choice of viewing the regression output directly by screen

and/or writing it to file for printing later (REGRESS.DAT -- Appendix

0). Finally, for output, the user is allowed to view/print all or just

some of the processed objectives.

After all user interaction is complete, the CODSDBTS.IN file

(Appendix P) is created for use with the DECODE subroutine. The

CODIDBTS.IN file contains the parameter estimates for each term in the

postulated equation, only in coded form. Once the RGRSSION subroutine

is complete, the main menu reappears.

Decode

By selecting D, the DECODE subroutine is started. The DECODE

subroutine decodes the coded parameter estimates from the CODIDBTS.IN

file. The DECODE.IN and CODEDBTS.IN files are used as input (Appendices

H and P respectively). Interactive input from the user is used for

controlling which objectives are decoded. The decoded output is written

to two files: DSCODS.OUT for possible printing and XCUTEQNS.IN for use

with the XCUTEONS subroutine (Appendix T and S respectively). Once the

DECODE subroutine is finished, control Is passed back to the main menu.
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A selection of X from the main menu executes the XCUTSONS subrou-

tine. The XCUTINS subroutine is not a part of the automated RSed-AWE

process even though it is included within the RSNed-ASM program. The

XCIJTUQS subroutine is an added feature that gives the user the ability

to execute the estimated equation. The XCUT'3QNS subroutine reads the

XCUTQNS.IN (Appendix S) file as input and sets up a matrix containing

the tern to each response obJective's estimated equation (as long as

that response objective was processed through the RGRSSION subroutine).

The user is next asked to interactively add to the input. He/she is

first asked which response obJective's estimated equation is to be

executed. Next, the user is asked to input a value for each design

variable. The SiNed-AKM program insures the user input is within the

bounds for each design variable. The output, the response to the esti-

mated equation given the variable values, is printed to the screen. The

user can continue executing the estimated equation until he/she is

finished. Once finished, the main menu reappears.
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The DATACLCT.CON program Is vritten in the VAX 11/785 digital

command language. DATACLCT.CON controls the data collection, used with

the RORSSION subroutine of the RSNed-AEB program, by automatically

executing the AIM and then collecting and storing the required data from

each execution in a file called STORAGE.DAT (Appendix L). The

DATACLCT.COM program uses the IAEM1.DAT file (Appendix B) and the

AEH.DAT file (Appendix J) as Inputs.

$ WRITE SSOUTPUT 0
$ WRITE SYS$OUYPUT we
$ INQUIRE REPS "Enter the number of repetitions and press return'
- WRITE SYS$OUTPUT g
$ WRITE SYS$OUTPUT 00
$ WRITE SYS$OUTPUT "Do you wish to be queried on program continuation after
$ INQUIRE OUCRY "each repetition? (yin)"
$ FIRST = I TNUIB(1,1)0

$ SECOND = " TNUHB(15,1
$ THIRD = 1+
$ COUNTERI = 0
$LOOP1:
$ COUNTERI = COUNTERI + 1
$ WRITE SYS$O.TPUT "

$ WRITE SYS$OUTPUT We
$ WRITE SYS$OUTPUT URepetitLon Number 'COUNTER1' 0
$ WRITE SYS$OUTPUT So
$ WRITE SYS$OUTPUT 00
$ OPEN UPDTDATA AN.IN
$ OPEN/VRITE TMPFILE1 TEMP1.DAT
$ READ UPDTDATA RECI
$ READ UPDT'DATA REC2
$LOOP2:
$ R AD/END_.OFFILK:ENDLOOP2 UPDTDATA RBC3
$ WRITE TEPFILE1 REC3
$ GOTO LOOP2
$UDLOOP2:
$ CLOSE UPDTDATA
$ CLOSE ?MPFILEI
$ COPY TEMPI.DAT AME.IN
S OPEN ASMINPUT IAEHI.DAT
$ OPEN/WRITE TKPFILE2 TEM 2.DAT
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*COUNTER2 0
$LOOP3:
$ READ/END_OF_FILE=ENDLOOP3 AEHINPU.T ?RNSFREC
$ COUNMU2 = COUNTR? + 1
S IF COUJNTER? .30. 41 .0R. COUNTRR2 .90. 42 THEN GOI'O INSRTREC
$ VRITE TNPFILE2 TRNSFRIC
$ GOTO LOOP3
$ [MSRTRRC:
$ IF COUNTER2 .30. 41 THEN WRITE TK4PFIL92 RECi
$ IF COUNTRR2 .80. 42 THEN WITE TMPFILE2 REC2
$ GOTO LOOP3
$ZNDLOOP3:
$ CLOSE AEMINPUT
$ CLOSE TMPFILE2
$ COPY TEMP2.DAT IARH1.DA?
$ PURGE
$ DEFINE/USERMODE SYSSINPUT SYSSCOO4AND

V RITE SMSOUTPUT
S WITE SYS$OUTPUtf
$ OPEN IN OA3Nl.DAT
SLOOP4:
$ READ/END_OF_FILE=ENDLOOP4 IN NAME
$ CHRCK=F9EXTRACT(O,12,NAKE)
$ IF CHECK .30S. FIRST THEN LIM~ = F$EXTRACT(13,68,NANE)
$ IF CHECK .90S. SECOND THEN LINE? x F$ERXTRACT(14,10,NAME)
$ IF CHECK .105. THIRD .AND. F$EXTRACT(82,1,NAME) .30. 1 -

THEM LINE3 = F$EXTRACT(96,6,NANE)
$ IF CHECK .308. THIRD .AND. F$EXTRACT(82,1,NA4E) .90. 2 -

THEN LIN94 - V$EXTRACT(96,6,NAHI)
$ IF CHECK SO0S. THIRD .AND. F$EXTRACT(82,I,NAME) .30. 3 -

THEN LINES - F$EXTRACT(96,6,NANE)
S IF CHECK .CO8. THIRD -AND. F$EXTRACT(82,1,NAKE) .30. 4 -
THEN LINE6 - PSEXTRACT(96,6,NAHE)

$ IF CHECK .308. THIRD .AND. F$RXTR&CT(82,1,NAME) .30. 5 -
THEN LINE? = F$EXTRACT(96,6,NAME)

$ GOTO LOOP4
$ENDLOOP4:
$ CLOSE IN
$ TEHPFRST = LIN91 + LINE?
$ FUSTLINE = F$RXTRACT(O,4,TEMPFRST) + F$EXTRACT(5,4,TEHPFRST) 4+

F$EXTRACT(10,4,TEMPFRST)4F$EXTRACT(15,4,TEHPFRST)4F$EBXTRACT(20,4,TEMPFRST) + -

F$EXTRACT(25,4,TENPFRST)+F$EXTRACT(30,4,TENPFRST)*F$EXTRACT(35,4,TEHPFRST) + -
F$EXTRACT(40,4,TEMFIST)4F$EXTRACT(45,4,TEMPrRsT).F$EXTRACT(50,3,TEHPFRST) + -
F$IXTRACT(54,3,TEMPFRST)+F$EXTRACT(58,4,TEKPFRST)+F$EKXTR&CT(63,4,TKMPFRST) + -

r$ExTRACT( 68,4 ,TEMPFRST) 4F$EXTRACT (73,4, TEMPFRST)
S LASTLINE = LIND3 + LIN94 + LINE5 + LINE6 + LINE7
$ OPEN/APPEND OUT RBG.IN
$ WITE OUT FRBTLINE
S WITE OUT LASTLINE
$ CLOSE OUT
$ IF COUNTERI .30. REPS THEN GOTO FINISH
S IF QUERY .HES. MY* THEN GOTO LOOPI
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V RITE SYSOUTPUT go
- $ WRITE SMSOIJTPUT 06

$ INQUIRE ANSWER "Do you wish to continue? (y/n)O
$ IF ANSWER SEQS. GY3 THEN GOTO LOOP1
$FINISH:
$ OPEN RESULTS REG.IN
$ OPEN/APPEND STORAGE STORAGE.RES
$LOOP5:
S READ/ENDOF_-FILE=ENDLOOPS RESULTS RESLTREC
$ WRITE STORAGE RESLTREC
$ GOTO LOOP5

I SENDLOOPS:
$ CLOSE RESULTS
$ CLOSE STORAGE

d $ COPY NULL.DAT R9G. IN
$ RMINING = REPS - COUNTERI
$ WRITE SYS$OUTPUT "
$ VRITE SYS$OUTPUT 0
$ WRITE9 SYSSOUTPUT "You have ''RNAINING' repetitions left.0
$ WRITE SYS$OUlTPUT so
V RITE SYS$OUTPUT
$EXIT
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The IAIN.DAT f Ile is the Input file for executing the ASH. The ASH

code for the ANN variables (weapons in this example -- i.e., target

base, targeting strategies and priorities, and dependent variables)

make up the mwin ingredients of the ARN Input file.

SAGOGO
C
C Scenario Variables/Definitions
C
TITLI=AIM Input File For Thesis Testing,
VIP ( ) 16,
BTARG;T(1,1)=NII,MMIII,PKIKP,NICDS4,POSC3,POSTRIC4,TRID5,B52GRV,B528RH,B52aEC,
BYARGT( 11, 1)=FBhIlSRM,FB111GRV,BlBGRV,BSRM,BlBALCM,ATB,
I ARGT(1,2)=CIVIL,LOCAL,C31,AFSABK,ICBN SILO,LCC,NICDN,NUKSTOR,SUBPT8,
BTARGY(10,2)=SS-20,BTORIS,FACIL,DIPOS,NAVAL,FACTOR,POL,3UgRGY,
VNAH3( 1) =BLUIVEAPOUS ,BICBN, BSLBN,BONBKR,BFAET, BSLOV,
BLURIVIAPONS-1-16,
BICBN=1-4,
BSLBN=5-7,
BDOHDR= 8-16,
IVASY=1-7,
B8LOV=8-16,
TCUAHK(1)43D-TARGETS,RLC3,RNJC,RCONV,RIND,RTINIURGEM?,
RZD-TARGBYS=l-l7,
RLC3 1=1-3,
RNUC=4 -10,
RCOUV=11-14,
RIND=15-17,
RYINK_URGZMT=3-6,9,
C
C Print Variables: Suppress most ARM print
C
HEDGE PRINT=-2,-3,
INPUT PRINT=-2,

.1 RESULT PRINT-1,-2,-3,-4,-5,-6,-7,-8, -9, -10,-11,-12,-13,-14,
ST'RIKE PRINT=-1,
TARGET PRINT=-1,-2,-3,
VEAPON PRINT-1l,-2,-3,-4,-5,-6,-7,-8,-9,-1O,

C
C Veapon Variables (Side 1)
C
BTARG;T(1,l).NNII,NNIII,PKEEP,NICSN,POBC3,POSTRIC4,TRID5,D52GEv, D'2Sft 0
JTYPB(1,1)a 1, 1, 1, 1, 2, 2, 2, 3
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YNU(,l)u 77, 110, 45, 10, 190, 250, 10, 5, 5, 42,
.2,II~ A .135, .05, .07, .24t .24, .07, .6# .2, .054,

YIELD(1,1)- 1.2, .34, .34, .34, .05, I#, .34, 1, .2, .2,
AV11- .98, .98, .98, .98, .8, .8, .8, .85, .85, .85,

VHPC(1,1)= 1, 3, 10, 1, 10, 8, 8, 4, 4, 12,
PLS(l,1)- .6, .6, .8, .8, .9, .925, .95, .9, .9, .9,
PrPI1,1)a .1, 1, 1, 1, 1, 1, 1, .6, .6, .71,
RL(l,l)- .85, .9, .9, .85, .8, .8, .85, .8, .8, .75p
BYM( 11, 1) =FB111SRH,FI11GRV, 8BGRV,DhIBSRH, BIBALCI, ATI,
JTYPI11,1)= 3, 3, 3, 3, 3, 3,
TUM3(11,)= 33, 33, 95, 95, 95, 102,
CuP(11,1)= .2, .2, .15, .10, .054, .05,

hjYIRLD(11,1)a .2, 1, 1, .2, .2, S5,
AV(11,1)' .85, .85, .85, .85, .85, .85,
VKPC(11,l)2 4, 2, 4, 4, 8, 12,
PLS(11,1)= .9, .9, .95, .95, .95, .95,
PYP(11,1)= .67, .67, .84, .84, .84, .95,
RL(I1,1)- .85, .8, .85, .85, .8, .85,
C
C Target Base/Variables (Side 2)
C
BTAGT(1,2)=CIVIL,LOCAL, C31,AFBABK,ICDN SILO, LCC,MICBM,NUKSTORtSUDPYS,
TCAT(1,2)- 3, 3, 2, 1, 1, 2, 1, 2, 2,

TNUMD(1,2)= 140, 215, 450, 70, 640, 120, 150, 50, 20,
R9(,) 2,.4, 0, .395, 0, 0, 0, 0, .18,

VAL(1,2)m 1, 1, 1, 1, 1, 1, 1, 1, 1,
NARD(1,2)- 2400, 13P1,35P7, 1001, 52P8,39P0, 30, 39P5, 22P1,
ITAMGT(10,2)=SS-20,STOREB,VACIL,DEPOS,NAVAL,FACTOR, POL,IU Gy,
TCAT(10,2)- 1, 2, 2, 2, 2, 3, 3, 3,
YUUN(10,2)= 400, 430, 520, 550, 130, 1100,1300, 435,
R95(10,2)u 0, 0, .165, .28, .2, .245, 0, .11,
VAL(10,2)= 1, 1, 1, 1, 1, 1, 1, 1,
NARD(10,2)= IlPO, 31P61 2300, 1600, ISPO, 140,OPO, ISPO,

C Targeting Strategies:
C
C Strategy One and Two:
C

IMPACT FLAG= 10,
INPACT(111)m1623,

(c Strategy Three:

CDN(1,2)- .8, .8, .8, .8, .8, .8, .8, o8, .8,
CDN(10,2)u A8t .7, .7, .7, .7, .6, .6, .6,
C
C strategy Four:
C
ALLOV(3,2)u1-7,
ALLOV( 4,2)n1-7,
ALLOW(5,2)=1-7,
ALLOW(6,2)-l-7,
ALLOW(7,2)u13,14,16,
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ALLO(9f2)ai-7f
ALLOW(l@2)13,14816t
C
C Value Accounts (The Dependent Variables)
C

ATASE (1,1) LC31 TROTS * Pl TROTS, CCIV TROTS, IUD/DCOU TROTOTAL TROTS,
ACCOUNT(l,l)-VALIJE DUST 00 (RLC3I) BY (ALL) MUST BE LB 1,
ACCOtM(2#l)zVALUE DUT ON (RIC) DY (ALL) MUST U LE I,
ACCOUT(3,l)=VALUE DUT ON (RCOII) BY (ALL) MUST U Ll 1,
ACCOUNT(4,1)uVALUE DUST 00 (RIND) BY (ALL) MST5 OR L 1,
ACCONT(5,l)=VALUR MUT ON (ALL) BY (ALL) MUST? BE LW 1,

C
C Veapon Hedges (Targeting Priorities)
C
TA5K(l,1)-T13 WinIT,RUT OF LC3I,REST Or EUC,CDUV DANA06IND DANAM,
TAU (6, 1)-ALL ?ARMUS,
NE3 (1, 1)-TARGETS OF TYPE (RTIMEUT ) 3Y (31 CN, BL3) MUST UDi 3 1,
HED(32,1)YAONT8 OF TYPE (1,2) BY (ALL) MUST U 10 1,
N3D3(3,l)YTAMTO OF TYPE (7,8,10) BY (ALL) MUST lUNG 1,
HED(4,1)TARMES Of TYPS (RCOIIV) BY (ALL) MIST UBE 3 1,
HUDU(5,1)nTARGETS OF TYPI (RIND) BY (ALL) MIST DR330 1,
N=3 (6, 1) =VALUR DUT 01 (ALL) BY (ALL) MIST 10 1,
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The VMIBLS.DAY file saves the design variable information entered

with the INPYAT subroutine if the user so desires. By line, the first

column contain the name for the design variable; the second and third

columns give the range, loy and high respectively, of the design

variable; and the fourth column shows how mny AE variables are

controlled by the design variable.

11i 0.00 450.00 1
Mill 100.00 550.00 1
PKEW 0.00 100.00 1
MICDK 0.00 200.00 1
PO8C3 176.00 304.00 1
POSTRIC4 240.00 384.00 1
?IDS 0.00 336.00 1
B-52P3U 0.00 156.00 2
B-S2CC 40.00 156.00 1
FBIlIPIN 0.00 60.00 2
BiB 30.00 100.00 3
ATB 0.00 124.00 1
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The COOBDO.IU file In created from the INPMIATA subroutine. The

first limne gives the numer of design variables processed through the

InMPDATA subroutine. By column, the folloving lines list each design

variable's low, aid, and high values for its range along with the number

of AIM variables that each design variable controls.

12
0.00 225.00 450.00 1

100.00 325.00 550.00 1
0.00 50.00 100.00 1
0.00 100.00 200.00 1

176.00 240.00 304.00 1
240.00 312.00 384.00 1
0.00 160.00 336.00 1
0.00 76.00 156.00 2

40.00 90.00 156.00 1
0.00 30.00 60.00 2

30.00 65.00 100.00 3
0.00 62.00 124.00 1
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The DBUO.IK file is created from the IMPYDArA subroutine. The

first colun show the names given each design variable. Columns tvo

and three list each design variable's range, low and high values

respectively. The fourth and fifth columns pertain to equation 2.3.

The fourth column gives the midpoint of each design variable's range

(the A variable of eqn 2.3), and the fifth column lists the value for

the denominator of eqn 2.3 for each design variable (the 8 variable).

MlNN 0.00 450.00 225.000000 225.000000
M6i1 100.00 S50.00 325.000000 225.000000
PlNE' 0.00 100.00 50.000000 50.000000
NICUN 0.00 200.00 100.000000 100.000000
POSC3 176.00 304.00 240.000000 64.000000
POSWIC4 240.00 384.00 312.000000 72.000000
TID5 0.00 336.00 168.000000 168.000000
B-S2P3M 0.00 156.00 78.000000 78.000000
l-52CNC 40.00 156.00 91.000000 58.000000
FliImP 0.00 60.00 30.000000 30.000000
313 30.00 100.00 65.000000 35.000000
ATS 0.00 124.00 62.000000 62.000000
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The RGRSSIOU.IM file is created by the IMPPDAAY subroutine to be

used later as input to the R(RSSIOU subroutine. The first line gives

the number of design variables that is processed through the IMPY ATA

subroutine. The remaining lines list the names of the design variables.

12

-gIII

PKu
HICON
PO8C3
POSYUIC4
?RIDS
B-S2PU
2-52CHC
P~llPU
BIB

AT3
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The AN.DAT file is created from the COODSOM subroutine when

selection U is picked from the main menu of the RBSled-JN program. The

AIN.DAT file is used vith Tool Tvo (refer to Chapter Three) as the

driver for the AM executions. Tool Two reads in the AM.DAT data tvo

lines at a time. Bach of the tvo lines replace the existing TMUMB

values for the weapon variables (the sixteen MN variables) in the

IAMH.DAT file (refer to Appendix U).

450.00 550.00 50.00 100.00 304.00 312.00 336.00 78.00 70.00 90.00
30.00 30.00 65.00 65.00 65.00 62.00

450.00 550.00 50.00 100.00 304.00 312.00 0.00 78.00 70.00 90.00
30.00 30.00 65.00 65.00 65.00 62.00

450.00 550.00 50.00 100.00 176.00 312.00 0.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00

450.00 550.00 50.00 100.00 176.00 312.00 336.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00

450.00 100.00 50.00 100.00 176.00 312.00 336.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00

450.00 100.00 50.00 100.00 304.00 312.00 336.00 70.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00
0.00 100.00 50.00 100.00 304.00 312.00 336.00 70.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00
0.00 550.00 50.00 100.00 304.00 312.00 336.00 78.00 78.00 90.00
30.00 30.00 65.00 65.00 65.00 62.00
0.00 550.00 50.00 100.00 304.00 312.00 0.00 70.00 78.00 98.00
30.00 30.00 65.00 65.00 6S5.00 62.00
0.00 550.00 50.00 100.00 176.00 312.00 0.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00
0.00 550.00 50.00 100.00 176.00 312.00 336.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00
0.00 100.00 50.00 100.00 176.00 312.00 336.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00
0.00 100.00 50.00 100.00 176.00 312.00 0.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 6S.00 62.00
0.00 100.00 50.00 100.00 304.00 312.00 0.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00

450.00 100.00 50.00 100.00 304.00 312.00 0.00 78.00 78.00 90.00
30.00 30.00 65.00 65.00 65.00 62.00

450.00 100.00 50.00 100.00 176.00 312.00 0.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 6S.00 62.00
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22S.00 550.00 100.00 100.00 240.00 384.00 168.00 156.00 156.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00

225.00 550.00 100.00 100.00 240.00 384.00 168.00 0.00 0.00 98.00
30.00 30.00 6S.00 6S.00 6S.00 62.00

225.00 550.00 100.00 100.00 240.00 240.00 168.00 0.00 0.00 98.00
30.00 30.00 6S.00 6S.00 65.00 62.00

225.00 550.00 100.00 100.00 240.00 240.00 168.00 156.00 156.00 98.00
30.00 30.00 65.00 6S.00 65.00 62.00

225.00 S50.00 0.00 100.00 240.00 240.00 168.00 156.00 156.00 08.00
30.00 30.00 6S.00 6S.00 6S.00 62.00

225.00 550.00 0.00 100.00 240.00 384.00 168.00 156.00 156.00 90.00
30.00 30.00 65.00 6S.00 65.00 62.00

225.00 100.00 0.00 100.00 240.00 384.00 168.00 156.00 156.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00

225.00 100.00 100.00 100.00 240.00 384.00 168.00 156.00 156.00 98.00
30.00 30.00 65.00 6S.00 65.O0 62.00

225.00 100.00 100.00 100.00 240.00 384.00 168.00 0.00 0.00 98.00
30.00 30.00 6S.00 6S.00 6S.00 62.00

225.00 100.00 100.00 100.00 240.00 240.00 168.00 0.00 0.00 98.00
30.00 30.00 65.00 65.00 6S.00 62.00

225.00 100.00 100.00 100.00 240.00 240.00 168.00 156.00 156.00 98.00
30.00 30.00 65.00 6S.00 65.00 62.0

225.00 100.00 0.00 100.00 240.00 240.00 168.00 156.00 156.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00

225.00 100.00 0.00 100.00 240.00 240.00 168.00 0.00 0.00 98.00
30.00 30.00 65.00 65.00 6S.00 62.00

225.00 100.00 0.00 100.00 240.00 384.00 168.00 0.00 0.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00

225.00 550-00 0.00 100.00 240.00 384.00 168.00 0.00 0.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00

225.00 550-00 0.00 100.00 240.00 240.00 168.00 0.00 0.00 98.00
30.00 30.00 65.00 6S.00 6S.00 62.00

225.00 325.00 100.00 200.00 240.00 312.00 336.00 78.00 78.00 156.00
30.00 30.00 65.00 65.00 6S.00 62.00

225.00 325.00 100.00 200.00 240.00 312.00 336.00 78.00 78.00 40.00
30.00 30.00 65.00 65.00 65.00 62.00

225.00 325.00 100.00 200.00 240.00 312.00 0.00 78.00 78.00 40.00
30.00 30.00 6S.00 65.00 65.00 62.00

225.00 325.00 100.00 200.00 240.00 312.00 0.00 78.00 78.00 156.00
30.00 30.00 6S.00 6S.00 65.00 62.00

225.00 325.00 100.00 0.00 240.00 312.00 0.00 78.00 78.00 156.00
30.00 30.00 6S.00 65.00 65.00 62.0

225.00 325.00 100.00 0.00 240.00 312.00 336.00 78.00 78.00 156.00 !

30.00 30.00 65.00 65.00 6S.00 62.00
225.00 325.00 0.00 0.00 240.00 312.00 336.00 78.00 78.00 156.00 ]
30.00 30.00 65.00 65.00 6S.00 62.00

225.00 325.00 0.00 200.00 240.00 312.00 336.00 78.00 78.00 156.00
30.00 30.00 65.00 65.00 6S.00 62.00

225.00 325.00 0.00 200.00 240.00 312.00 336.00 78.00 78.00 40.00
30.00 30.00 6S.00 6S.00 65.00 62.00

225.00 325.00 0.00 200.00 240.00 312.00 0.00 78.00 78.00 40.00
30.00 30.00 65.00 65.00 6S.00 62.00

22S.00 325.00 0.00 200.00 240.00 312.00 0.00 78.00 78.00 156.00
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30.00 30.00 6S.00 65.00 65.00 62.00
22S.00 325.00 0.00 0.00 240C00 312.00 0.00 78.00 78.00 156.00
30.00 30.00 6S.00 6S.00 6S.00 62.00

22S.00 32S.00 0.00 0.00 240.00 312.00 0.00 78.00 78.00 40.00
30.00 30.00 6S.00 65.00 65.00 62.00

22S.00 32S.00 0.00 0.00 240.00 312.00 336.00 78.00 78.00 40.00
30.00 30.00 6S.00 65.00 6S.00 62.00

22S.00 32S.00 100.00 0.00 240.00 312.00 336.00 78.00 78.00 40.00
30.00 30.00 6S.00 6S.00 6S.00 62.00

22S.00 325.00 100.00 0.00 240.00 312.00 0.00 78.00 78.00 40.00
30.00 30.00 6S.00 65.00 6S.00 62.00

225.00 32S.00 50.00 200.00 304.00 312.00 160.00 156.00 156.00 98.00
60.00 60.00 65.00 55.00 65,00 62.00

225.00 32S.00 50.00 200.00 304.00 312.00 168.00 156.00 156.00 98.00
0.00 0.00 6S.00 6S.00 65.00 62.00

225.00 325.00 50.00 200.00 304.00 312.00 168.00 0.00 0.00 98.00
0.00 0.00 65.00 65.00 65.00 62.00

22S.00 32S.00 50.00 200.00 304.00 312.00 168.00 0.00 0.00 98.00
60.00 60.00 6S.00 6S.00 65.00 62.00

225.00 325.00 50.00 200.00 176.00 312.00 168.00 0.00 0.00 98.00
60.00 60.00 65.00 65.00 65.00 62.00

225.00 325.00 50.00 200.00 176.00 312.00 16$.00 156.00 156.00 98.00
60.00 50.00 65.00 65.00 65.00 62.00

225.00 325.00 50.00 0.00 176.00 312.00 168.00 156.00 156.00 98.00
60.00 60.00 65.00 65.00 65.00 62.00

225.00 325.00 50.00 0.00 304.00 312.00 168.00 156.00 156.00 98.00
60.00 60.00 65.00 65.00 65.00 62.00

225.00 325.00 50.00 0.00 304.00 312.00 168.00 156.00 1r%5,00 98.00
0.00 0.00 65.00 65.00 65.00 62.00

225.00 325.00 50.00 0.00 304.00 312.00 168.00 0.00 0.00 98.00
0.00 0.00 6S.00 65.00 65.00 62.00

225.00 325.00 50.00 0.00 304.00 312.00 168.00 0.00 0.00 98.00
60.00 60.00 65.00 65.00 65.00 62.00

225.00 325.00 50.00 0.00 176.00 312.00 168.00 0.00 0.00 98.00
60.00 60.00 65.00 65.00 65.00 62.00

225.00 325.00 50.00 0.00 176.00 312.00 160.00 0.00 0.00 98.00
0.00 0.00 65.00 6S.00 65.00 62.00

225.00 325.00 50.00 0.00 176.00 312.00 168.00 156.00 156.00 98.00
0.00 0.00 65.00 65.00 65.00 62.00

225.00 325.00 50.00 200.00 176.00 312.00 168.00 156.00 156.00 90.00
0.00 0.00 6S.00 6S.00 6S.00 62.00

225.00 32S.00 50.00 200.00 176.00 312.00 168.00 0.00 0.00 98.00
0.00 0.00 6S.00 6S.00 65.00 62.00

22S.00 32S.00 50.00 100.00 304.00 384.00 160.00 78.00 78.00 156.00
30.00 30.00 100.00 100.00 100.00 62.00

225.00 325.00 50.00 100.00 304.00 384.00 168.00 78.00 78.00 156.00
30.00 30.00 30.00 30.00 30.00 62.0

225.00 325.00 50.00 100.00 304.00 3$4.00 161.00 71.00 78.00 40.00
30.00 30.00 30.00 30.00 30.00 62.00

225.00 325.00 50.00 100.00 304.00 304.00 168.00 78.00 78.00 40.00
30.00 30.00 100.00 100.00 100.00 62.00

225.00 325.00 50.00 100.00 304.00 240.00 168.00 78.00 78.00 40.00
30.00 30.00 100.00 100.00 100.00 62.00
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225.00 32S.00 SO.O0 100.00 304.00 240.00 168.00 75.00 78.00 156.00
30.00 30.00 100.00 100.00 100.00 62.00

22S.00 32S.00 50.00 100.00 176.00 240.00 160.00 70.00 70.00 156.00
30.00 30.00 100.00 100.00 100.00 62.00

225.00 325.00 50.00 100.00 176.00 384.00 168.00 78-00 78.00 156.00
30.00 30.00 100.00 100.00 100.00 62.00

225.00 325.00 50.00 100.00 176.00 384.00 168.00 78.00 78.00 156.00
30.00 30.00 30.00 30.00 30.00 62.00

225.00 325.00 50.00 100.00 176.00 384.00 168.00 78.00 78.00 40.00
30.00 30.00 30.00 30.00 30.00 62.00

225.00 325.00 50.00 100.00 176.00 384.00 168.00 78.00 78-00 40.00
30.00 30.00 100.00 100.00 100.00 62.00

225.00 325.00 50.00 100.00 176.00 240.00 168.00 78.00 78.00 40.00
30.00 30.00 100.00 100.00 100.00 62.00

225.00 325.00 50.00 100.00 176.00 240.00 16$.00 78.00 78.00 40.00
30.00 30.00 30.00 30.00 30.00 62.00

225.00 325.00 50.00 100.00 176.00 240.00 168.00 78.00 78.00 156.00
30.00 30.00 30.00 30.00 30.00 62.00

225.00 325.00 50.00 100.00 304.00 240.00 168.00 78.00 78.00 156.00
30.00 30.00 30.00 30.00 30.00 62.00

225.00 325.00 50.00 100.00 304.00 240.00 168.00 78.00 78.00 40.00
30.00 30.00 30.00 30.00 30.00 62.00

225.00 325.00 50.00 100.00 240.00 384.00 336.00 78.00 78.00 98.00
60.00 60.00 6S.00 6S.00 65.00 124.00

225.00 325.00 50.00 100.00 240.00 384.00 336.00 78.00 78.00 98.00
60.00 60.00 6S.00 65.00 65.00 0.00

225.00 325.00 50.00 100.00 240.00 384.00 336.00 70.00 70.00 98.00
0.00 0.00 65.00 65.00 65.00 0.00

225.00 325.00 50.00 100.00 240.00 384.00 336.00 78.00 78.00 98.00
0.00 0.00 65.00 6S.00 65.00 124.00

225.00 325.00 50.00 100.00 240.00 384.00 0.00 78.00 78.00 98.00
0.00 0.00 6S.00 65.00 65.00 124.00

225.00 325.00 50.00 100.00 240.00 384.00 0.00 78.00 78.00 98.00
60.00 60.00 6S.00 6S.00 65.00 124.00

225.00 325.00 50.00 100.00 240.00 240.00 0.00 78.00 78.00 98.00
60.00 60.00 6S.00 65.00 6S.00 124.00

225.00 325.00 50.00 100.00 240.00 240.00 336.00 78.00 78.00 98.00
60.00 60.00 6S.00 65.00 6S.00 124.00

215.00 325.00 50.00 100.00 240.00 240.00 336.00 78.00 78.00 98.00
60.00 60.00 65.00 6S.00 65.00 0.00

225.00 325.00 50.00 100.00 240.00 240.00 336.00 78.00 78.00 98.00
0.00 0.00 6S.00 6S.00 6S.00 0.00

225.00 325.00 50.00 100.00 240.00 240.00 336.00 78.00 78.00 98.00
0.00 0.00 65.00 65.00 65.00 124.00

225.00 325.00 50.00 100.00 240.00 240.00 0.00 78.00 78.00 98.00
0.00 0.00 6S.00 6S.00 65.00 124.00

225.00 325.00 50.00 100.00 240.00 240.00 0.00 78.00 78.00 98.00
0.00 0.00 6S.00 6S.00 65.00 0.00

225.00 325.00 50.00 100.00 240.00 240.00 0.00 78.00 78.00 98.00
60.00 60.00 65.00 6S.00 6S.00 0.00

225.00 325.00 50.00 100.00 240.00 384.00 0.00 78.00 78.00 90.00
60.00 60.00 65.00 65.00 65.00 0.00
225.00 325.00 50.00 100.00 240.00 384.00 0.00 78.00 78.00 98.00
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0.00 0.00 6S.00 65.00 65.00 0.00
450.00 325.00 50.00 100.00 240.00 312.00 336.00 156.00 156.00 98.00
30.00 30.00 100.00 100.00 100.00 62.00

450.00 325.00 50.00 100.00 240.00 312.00 336.00 156.00 156.00 98.00
30.00 30.00 30.00 30.00 30.00 62.00

450.00 325.00 50.00 100.00 240.00 312.00 336.00 0.00 0.00 98.00
30.00 30.00 30.00 30.00 30.00 62.00

450.00 325.00 50.00 100.00 240.00 312.00 336.00 0.00 0.00 98.00
30.00 30.00 100-00 100.00 100.00 62.00

450.00 325.00 50.00 100.00 240.00 312.00 0.00 0.00 0.00 90.00
30.00 30.00 100.00 100.00 100.00 62.00

450.00 325.00 50.00 100.00 240.00 312.00 0.00 156.00 156.00 98.00
30.00 30.00 100.00 100.00 100.00 62.00
0.00 325.00 50.00 100.00 240.00 312.00 0.00 156.00 156.00 98.00
30.00 30.00 100.00 100.00 100.00 62.00
0.00 325.00 50.00 100.00 240.00 312.00 336.00 156.00 156.00 98.00
30.00 30.00 100.00 100.00 100.00 62.00
0.00 325.00 50.00 100.00 240.00 312.00 336.00 156.00 156.00 98.00
30.00 30.00 30.00 30.00 30.00 62.00
0.00 325.00 50.00 100.00 240.00 312.00 336.00 0.00 0.00 98.00
30.00 30.00 30.00 30.00 30.00 62.00
0.00 325.00 50.00 100.00 240.00 312.00 336.00 0.00 0.00 98.00
30.00 30.00 100.00 100.00 100.00 62.00
0.00 325.00 50.00 100.00 240.00 312.00 0.00 0.00 0.00 98.00
30.00 30.00 100.00 100.00 100.00 62.00
0.00 325.00 50.00 100.00 240.00 312.00 0.00 0.00 0.00 98.00
30.00 30.00 30.00 30.00 30.00 62.00
0.00 325.00 50.00 100.00 240.00 312.00 0.00 156.00 156.00 98.00
30.00 30.00 30.00 30.00 30.00 62.00

450.00 325.00 50.00 100.00 240.00 312.00 0.00 156.00 156.00 98.00
30.00 30.00 30.00 30.00 30.00 62.00

450.00 325.00 50.00 100.00 240.00 312.00 0.00 0.00 0.00 90.00
30.00 30.00 30.00 30.00 30.00 62.00

225.00 550.00 50.00 100.00 240.00 312.00 168.00 156.00 156.00 156.00
30.00 30.00 65.00 65.00 65.00 124.00

225.00 550.00 50.00 100.00 240.00 312.00 168.00 156.00 156.00 156.00
30.00 30.00 65.00 65.00 65.00 0.00

225.00 550.00 50.00 100.00 240.00 312.00 168.00 156.00 156.00 40.00
30.00 30.00 6S.00 65.00 65.00 0.00

225.00 550.00 50.00 100.00 240.00 312.00 168.00 156.00 156.00 40.00
i 30.00 30.00 6S.00 65.00 65.00 124.00
' 225.00 550.00 50.00 100.00 240.00 312.00 168.00 0.00 0.00 40.00
. 30.00 30.00 65.00 65.00 65.00 124.00
.7225.00 550.00 50.00 100.00 240.00 312.00 168.00 0.00 0.00 156.00
'?30.00 30.00 65.00 65.00 65.00 124.00

225.00 100.00 50.00 100.00 240.00 312.00 160.00 0.00 0.00 156.00
30.00 30.00 65.00 6S.00 6S.00 124.00

225.00 100.00 50.00 100.00 240.00 312.00 168.00 156.00 156.00 156.00
30.00 30.00 65.00 65.00 65.00 124.00

225.00 100.00 50.00 100.00 240.00 312.00 168.00 156.00 156.00 156.00
30.00 30.00 65.00 65.00 65.00 0.00

225.00 100.00 50.00 100.00 240.00 312.00 168.00 156.00 156.00 40.00
30.00 30.00 6S.00 6S.00 65.00 0.00
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225.00 100.00 50.00 100.00 240.00 312.00 168.00 156.00 156.00 40.00
30.00 30.00 65.00 65.00 65.00 124.00

225.00 100.00 50.00 100.00 240.00 312.00 168.00 0.00 0.00 40.00
30.00 30.00 65.00 65.00 65.00 124.00

225.00 100.00 50.00 100.00 240.00 312.00 160.00 0.00 0.00 40.00
30.00 30.00 65.00 65.00 65.00 0.00

225.00 100.00 50.00 100.00 240.00 312.00 168.00 0.00 0.00 156.00
30.00 30.00 65.00 65.00 65.00 0.00

225.00 550.00 50.00 100.00 240.00 312.00 168.00 0.00 0.00 156.00
30.00 30.00 65.00 65.00 65.00 0.00

225.00 550.00 50.00 100.00 240.00 312.00 160.00 0.00 0.00 40.00
30.00 30.00 65.00 65.00 65.00 0.00

450.00 325.00 100.00 100.00 240.00 312.00 168.00 78.00 78.00 156.00
60.00 60.00 65.00 65.00 65.00 62.00

450.00 325.00 100.00 100.00 240.00 312.00 168.00 78.00 78.00 156.00
0.00 0.00 65.00 65.00 65.00 62.00

450.00 325.00 100.00 100.00 240.00 312.00 168.00 78.00 78.00 40.00
0.00 0.00 65.00 65.00 65.00 62.00

450.00 325.00 100.00 100.00 240.00 312.00 168.00 78.00 78.00 40.00
60.00 60.00 65.00 65.00 65.00 62.00

450.00 325.00 0.00 100.00 240.00 312.00 168.00 78.00 78.00 40.00
60.00 60.00 65.00 65.00 65.00 62.00

450.00 325.00 0.00 100.00 240.00 312.00 160.00 78.00 78.00 156.00
60.00 60.00 65.00 65.00 65.00 62.00
.00 08.00 100.00 240.00 312.00 168.00 7.00 78.00 156.00
60.00 60.00 6S.00 65.00 65.00 62.00
0.00 325.00 100.00 100.00 240.00 312.00 168.00 78.00 78.00 156.00
60.00 60.00 65.00 65.00 65.00 62.00
0.00 325.00 100.00 100.00 240.00 312.00 168.00 78.00 78.00 156.00
0.00 0.00 65.00 65.00 65.00 62.00
0.00 325.00 100.00 100.00 240.00 312.00 160.00 78.00 78.00 40.00
0.00 0.00 65.00 65.00 65.00 62.00
0.00 325.00 100.00 100.00 240.00 312.00 168.00 78.00 78.00 40.00

60.00 60.00 65.00 65.00 65.00 62.00
0.00 325.00 0.00 100.00 240.00 312.00 168.00 78.00 78.00 40.00
60.00 60.00 65.00 65.00 65.00 62.00
0.00 325.00 0.00 100.00 240.00 312.00 168.00 78.00 78.00 40.00
0.00 0.00 65.00 65.00 65.00 62.00
0.00 325.00 0.00 100.00 240.00 312.00 168.00 70.00 78.00 156.00
0.00 0.00 65.00 65.00 65.00 62.00

450.00 325.00 0.00 100.00 240.00 312.00 168.00 78.00 78.00 156.00
0.00 0.00 6.00 65.00 65.00 62.00

450.00 325.00 0.00 100.00 240.00 312.00 168.00 78.00 78.00 40.00
0.00 0.00 65.00 65.00 65.00 62.00

225.00 550.00 50.00 200.00 240.00 312.00 168.00 78.00 78.00 98.00
60.00 60.00 100.00 100.00 100.00 62.00

225.00 550.00 50.00 200.00 240.00 312.00 168.00 78.00 78.00 90.00
60.00 60.00 30.00 30.00 30.00 62.00

225.00 550.00 50.00 200.00 240.00 312.00 168.00 70.00 7$.00 98.00
0.00 0.00 30.00 30.00 30.00 62.00

225.00 550.00 50.00 200.00 240.00 312.00 168.00 70.00 78.00 98.00
0.00 0.00 100.00 100.00 100.00 62.00

225.00 550.00 50.00 0.00 240.00 312.00 160.00 78.00 78.00 98.00
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0.00 0.00 100.00 100.00 100.00 62.00
225.00 550.00 50.00 0.00 240.00 312.00 168.00 76.00 78.00 98.00
60.00 60.00 100.00 100.00 100.00 62.00

225.00 100.00 50.00 0.00 240.00 312.00 168.00 76.00 78.00 96.00
60.00 60.00 100.00 100.00 100.00 62.00

225.00 100.00 50.00 200.00 240.00 312.00 168.00 78.00 78.00 98.00
60.00 60.00 100.00 100.00 100.00 62.00

225.00 100.00 50.00 200.00 240.00 312.00 168.00 78.00 76.00 98.00
60.00 60.00 30.00 30.00 30.00 62.00

225.00 100.00 50.00 200.00 240.00 312.00 168.00 78.00 78.00 98.00
0.00 0.00 30.00 30.00 30.00 62.00

225.00 100.00 50.00 200.00 240.00 312.00 168.00 78.00 78.00 96.00
0.00 0.00 100.00 100.00 100.00 62.00

225.00 100.00 50.00 0.00 240.00 312.00 168.00 78.00 78.00 98.00
0.00 0.00 100.00 100.00 100.00 62.00

225.00 100.00 50.00 0.00 240.00 312.00 168.00 78.00 78.00 98.00
0.00 0.00 30.00 30.00 30.00 62.00

225.00 100.00 50.00 0.00 240.00 312.00 168.00 78.00 78.00 98.00
60.00 60.00 30.00 30.00 30.00 62.00

225.00 550.00 50.00 0.00 240.00 312.00 168.00 78.00 78.00 98.00
60.00 60.00 30.00 30.00 30.00 62.00

225.00 550.00 50.00 0.00 240.00 312.00 168.00 78.00 78.00 98.00
0.00 0.00 30.00 30.00 30.00 62.00

225.00 325.00 100.00 100.00 304.00 312.00 168.00 78.00 76.00 98.00
30.00 30.00 100.00 100.00 100.00 124.00

225.00 325.00 100.00 100.00 304.00 312.00 168.00 76.00 78.00 98.00
30.00 30.00 100.00 100.00 100.00 0.00

225.00 325.00 100.00 100.00 304.00 312.00 168.00 76.00 78.00 98.00
30.00 30.00 30.00 30.00 30.00 0.00

225.00 325.00 100.00 100.00 304.00 312.00 168.00 76.00 78.00 98.00
30.00 30.00 30.00 30.00 30.00 124.00

225.00 325.00 100.00 100.00 176.00 312.00 168.00 78.00 78.00 96.00
30.00 30.00 30.00 30.00 30.00 124.00

225.00 325.00 100.00 100.00 176.00 312.00 168.00 78.00 78.00 98.00
30.00 30.00 100.00 100.00 100.00 124.00

225.00 325.00 0.00 100.00 176.00 312.00 168.00 76.00 76.00 98.00
30.00 30.00 100.00 100.00 100.00 124.00

225.00 325.00 0.00 100.00 304.00 312.00 166.00 78.00 76.00 98.0030.00 30.00 100.00 100.00 100.00 124.00
225.00 325.00 0.00 100.00 304.00 312.00 166.00 78.00 78.00 98.00

30.00 30.00 100.00 100.00 100.00 0.00
225.00 325.00 0.00 100.00 304.00 312.00 168.00 78.00 78.00 98.00

30.00 30.00 30.00 30.00 30.00 0.00
225.00 325.00 0.00 100.00 304.00 312.00 166.00 78.00 78.00 98.00
30.00 30.00 30.00 30.00 30.00 124.00

225.00 325.00 0.00 100.00 176.00 312.00 168.00 78.00 78.00 98.00
30.00 30.00 30.00 30.00 30.00 124.00

225.00 325.00 0.00 100.00 176.00 312.00 168.00 78.00 76.00 98.00
30.00 30.00 30.00 30.00 30.00 0.00

225.00 325.00 0.00 100.00 176.00 312.00 168.00 78.00 76.00 98.00
30.00 30.00 100.00 100.00 100.00 0.00

225.00 325.00 100.00 100.00 176.00 312.00 168.00 76.00 78.00 98.00
30.00 30.00 100.00 100.00 100.00 0.00
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225.00 325.00 100.00 100.00 176.00 312.00 168.00 78.00 78.00 98.00
30.00 30.00 30.00 30.00 30.00 0.00

450.00 325.00 50.00 200.00 240.00 384.00 160.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 124.00

450.00 325.00 50.00 200.00 240.00 384.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 0.00

450.00 325.00 50.00 200.00 240.00 240.00 160.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 0.00

450.00 325.00 50.00 200.00 240.00 240.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 124.00

450.00 325.00 50.00 0.00 240.00 240.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 124.00

450.00 325.00 50.00 0.00 240.00 384.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 124.00
0.00 325.00 50.00 0.00 240.00 384.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 124.00
0.00 325.00 50.00 200.00 240.00 384.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 124.00
0.00 325.00 50.00 200.00 240.00 384.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 0.00
0.00 325.00 50.00 200.00 240.00 240.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 0.00
0.00 325.00 50.00 200.00 240.00 240.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 124.00
0.00 325.00 50.00 0.00 240.00 240.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 124.00
0.00 325.00 50.00 0.00 240.00 240.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 0.00
0.00 325.00 50.00 0.00 240.00 384.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 0.00

450.00 325.00 50.00 0.00 240.00 384.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 0.00

450.00 325.00 50.00 0.00 240.00 240.00 168.00 78.00 78.00 98.00

30.00 30.00 65.00 65.00 65.00 0.00
225.00 325.00 50.00 100.00 240.00 312.00 168.00 78.00 78.00 98.00
30.00 30.00 65.00 65.00 65.00 62.00
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~Aat IL fth OMIM EM

Bach execution of the IAIH1.DAY file (Appendix I) produces the AIN

output file -- OAMI.DAY. It is this file that Tool Two (Appendix D)

extracts the dependent variable Information from. (Note: The AiE

outputs the OAiIM.DAT file in a local printer formt. Therefore, the

file is 132 characters vide. Consequently, copying 132 columns into 72

columns, for this appendix, produces some difficulty in text appearance

and text reading. Just remember, sometimes two lines are required to

represent one line of actual OARMI.DAT data.)

The OAMMI.DAT file shown here in this appendix is not indicative of

the amount of print the An will generate. Host of the output print has

been shut off through the ARM print flags. Only the print used in the

RSed-AIN program test is shown.

IlNUT VILBS 1 lI1 OUTPUT FILB NAN 18 OA
Ml

AM HEDGE AUGUST 1985
ttttttttttttttttttttttttttttttttoe~eetttttttttttttt INPUT DATA t

(I-l)

ESTIMATES OF DATA FOR BOTH SIDES

C
C Scenario Variables
C
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?KYL3*YACT 7.71 StratGic Forc Analysis Projects,
VEP(1)ul6o
DYARGT(1, )=NNNII,PKEEP,NICDHPOBC3,POSYRIC4,YRIDSDS2GRV,B52SRMB52cNC,
DYAIOY( 11,1)=uPBiliSEN, V31110RV,919DGV,BlB8RH,DBIBALOI,A?3,
IARGY(, 2) -CIVIL,LOCAL, C31, AIIASE, ICBM SILO, LCC,HICDN,hNUKB OR, SUP'3,
SDYM(1 .2) -88-20, STORES, FACL, DPOS,UNAVAL,VFACTOR, POLo. NNZR1,
WCNAN( 1) uDLUE EAPOS, DICDH, DSLDN, 5306433, SAS?, 181.0,
BLUEJIEAPOUS-1-16,
DICIK=1-4,
SSLDN-S-7,
33064333=-16,
3FABY=1-7,
DBLOV=8-16,
TCUAN3(1 )=RED_-TARG3TB,RLC3I,RNUC,RCONV,RIND,RTIN3JURGEY,
REDYMRORYS-1-17,
RLC3I =1-3,
RMUIC=4-10,
RCONV= 11- 14,
RIMD-15-17,
RTINKUR GENT=3-6,9,
IMPACT FLAGz10,
IHPACT( 1,1) =16' 3,

C
C Print Variables
C

* HEDox PRIN =-2,-3,
INPUT PRINT=-2,
RESULT PRINT=-l, -2, -3, -4, -5, -6, -7,-I, -9, -10,-1l, -12, -13, -14,
STRIKE PRIUT-1,
TARGET PRIT-,-2,-3,
WEAPON PRIN?-,-2-3,-4,-S,-6,-7,-8,-9,-10,

C
C Veapon Variables (Side 1)
C
3'PhGT(1, 1)=MIII,I,PK3P,NICNPoSC3,POTRIC4,RID,520RV,52RN,B52cHC,
JTYP(1,1)= 1, 1, 1, 1, 2, 2, 2, 3, 3, 3,

*TUUN(,1)= 77, 110, 45, 10, 190, 250, 10, 5, 5, 42, 33, 33, 95, 95,
YUUM(15,1)m 95, 102,
C3P(1,1)= .2, .135, .05, .07, .24, .24, .07, .6, .2, .054,
YIELD(l,l)- 1.2, .34, .34, .34, . 05, .1, .34, 1, .2, .2,
AV(1,1)- .98, .98, .98, .98, .8, .8, .8, .85, .85, .85,
WKPC(l,1)- 1, 3, 10, 1, 10, 8, 8, 4, 4, 12,
PLS(1,1)= .6, .6, .8, .8, .9, .925, .95, .9, .9, .9,
PTP(1,l)u 1, 1, 1, 1, 1, 1, 1, .6, .6, .71,
RL(1,1)= .85, .9, .9, .85, .8, .8, .85, .8, .6, .75,
DTMGT(11,1)=F3B11SRN,F311103V,BlIGRV,S1DSRN,3IBALOE, ATI,
JTPE(11,1)u 3, 3, 3,' 3, 3, 3,
CBP(11,1)8 .2, .2, .15, .10, .04, .05,
YIELD(11,l)- .2, 1, 1, .2v .2, .5,
AV(11,1)u .65, .85, .85, .85, .85, .65,
VNWC(11,1)u 4, 2, 4, 4, 8, 12,
PLS(11,1)u .9, .9, .95, .95, .95, .95,
PTP(11,1)= .67, .67, .84, .84, .84, .95,
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RL(11,1)u .65, .6, .85, .851 .6f .85,
C
C Target Variables (Side 2)
C
ITABOT(1, 2) -CIVIL* LOCAL, C31,ADIABB, ICBN SILO, LCC,KICMI,KSTOR,SUrnPSI
TCAT1, 2) - 3, 3, 2, 1, 1, 2, 1," 2, 2,
YUM(1,2)- 140, 215, 450, 70, 640, 120, 150, so, 20,
R95(1,2)- .28, .245p 0, .395, 0, 0, 0, 0, .16,
VAL(1,2)- 1, 1, 1, 1, 1, 1, 1, 1, 1,
KAID(1,2)- 2400, 13P1,3SP7, 1001, 52P6,39P0, 30, 391'S, 22P1,
CDN(1,2)u .8, .6, .0, .8, .6, .6, .6, .6, .6,
BTARGT(10, 2)=S88-20, STORES, FACILp DBPOS,MAVAL,FATR, POLUfEROY,
TCAT(10,2)- 1, 2, 2, 2, 2, 3, 3, 3,
TUK(10,2)- 400, 430, 520, 550, 130, 1100,1300, 435,
R9$(10,2)- 0, 0, .165, .26, .2, .245, 0, .11,

KARD(1O,2)- liPO, 31P6, 2300, 1600, iSPO, 1400,1OPO, 101',
CDN(10,2)- o6f .7p .7p .7, .7, .6, .6, .6,
ALLOU 3, 2) =1-7,
ALLOV( 4, 2) 1-7,
ALLOV(5,2)u1-7,
ALLOV(602)=l-7,
ALLOV(7,2)u13p14,16,
ALLOV(9,2)-1-7,
ALLOV( 10,2 )z13,14, 16,

C
C Value Accounts
C
ATASK(1,1l)wLC31 TROTS ,UUC TROTS, CCIV TROTS, lED/BCON TRO, TOTAL TROTS,
ACONT(,1)aVALUR DEST 0U (RLC3I) BY (ALL) 161TUN LI 1,
ACCOUNT (2, 1) -VALUE DOST ON (REMC) Dy (ALL) M6ST BEI I,.
ACCOUNT (3, 1) -VALUI DUST 01 (RCCUV) BY (ALL) M6ST BE L3 1,
ACCOWIT(4,1)wVALUU DEST Of (RIND) DY (ALL) MUST BE LI 1,
ACCOWNT(5,1)uVALUE DEST 01 (ALL) BY (ALL) MU1ST BE Lii1,
C
C Veapon Hedges
C
TAIK(1,1)=TIN3 URIET,RIST OF LC3I,RIST OF U,C0UV DAKAGB,IUD DANAGO,
TASK(i,l)=ALL TARGRTS,
H1D=(1,1)=TARGOTS OF TYPE (RTINIJURGENT) BY (BICDH,DSLDH) M6ST DEW0 1,
HIDGE(2,1TARGUTS of TYPE (1, 2) DY (ALL) JST BE IQ 1,
NIDO1B(3,1)zTAR(fT8 Of TYPE (70,6,10) BY (ALL) M6STU BEN 1,
HIDOU(4,1)uTMGURTS Of TYWO (ECONY) BY (ALL) MU.ST BE 30 1,
HIDGE(S,1)wTAROUTB OF TYPE (RIND) DY (ALL) MIT -E 30 1,
H300(6,i)uVALUZ DEBT On (ALL) BY (ALL) MUST IQ 1,



LP JNDIR STS TOTAL STRATS PIVOTS PAYOFF EXIT CRITERION
1 21 128 27 -35195.93 0.000000
2 29 146 44 -28314.33 -0.008136

AN MODIFYING HEDGE 1 ORIGINAL GOAL= 1299.35 ACHIEVED- 512.35
NOV VORlING 0U PRIORITY NUMBER 2
NOV ORKING ON PRIORITY NUMBER 3
NOV WIRKING ON PRIORITY NUMBER 4
NOV WORKING ON PRIORITY NUMBER 5

3 29 146 2 -13117.34 -0.007149
4 29 143 4 -12377.90 -0.006065

AN MODIFYING HEDGE 5 ORIGINAL OOAL- 2833.58 ACHIEVED= 1971.35
NOV WORKING ON PRIORITY NUMBER 6

5 30 143 2 -17915.95 -0.001779
6 30 143 2 -17915.74 0.000000

AN MODIFYING IDO 6 ORIGINAL OAL= 6716.64 ACHIEVED. 3980.93
NO WORKING ON PRIORITY NUMBER 0

7 30 144 2 3961.50 -0.000977
8 30 148 0 3980.93 0.000000

TACT 7.71 Strategic Force Analysis Projects

IAiINi,

(H-1) HEDGE CONDITION DATA

LEVEL PERCENT
CONDITION ACHIEVED ACHIEVED LAMBDA PREFORENCE PRIORITY TASK

1 0.39 39.43 0.00 -8.00 -1 TIME UR
G]U *t NOT ACHIEVED

NO. OF TOTS OF TYPE (3-6,9) ATTACKED BY WUH OF TYPE (1-7) MUST BE EQ 1,

* 2 1.00 100.00 0.00 -8.00 -2 REST OF
LC3I

NO. OF TOTS OF TYPE (1-2) ATTACED BY NS OF TYPE (ALL ) MUST BE so 1,

* 3 1.00 100.00 0.00 -8.00 -3 REST OF
mm

NO. OF TOTS OF TYPE (7-8,10) ATTACKED BY WES OF TYPE (ALL ) MUsT B so 1,

* 4 1.00 100.00 0.00 -0.00 -4 CONV DA
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M° Or sT OT TYPE (11-14) ATTACKED BY WN8 OF TYPE (ALL ) MUST 3 30 1,

* 5 0.70 69.57 0.00 -8.00 -5 IND DAN
AGE ttt NOT ACHIEVED

Eo. Or TOYS OF TYPE (15-17) ATTACKED BY VPB OF TYPE (ALL ) MUST 3n so 1,

* 6 0.59 59.27 1.00 -6.00 -6 ALL TAR
GETS tt NOT ACHIEVED

VALUE DEBT. ON TOTS (1-17) BY VP8 OF TYPE ( ALL ) MUST BE 0 1

(H-5) SUPPLENIZ TARY ACCOUINTING STATISTICS

LaVEL PERCENT
CONDIT

IOU ACHIEVED ACHIEVED TASK
VALUE DEBT. 01 TOTS (1-3) BY WES OF TYPE ( ALL ) MUST BE La 1
1 0.86 85.86 LC3I TROTS

VALUE DEST. ON TOTS (4-10) BY VP8 OF TYPE ( ALL ) MUST BE LE 1
2 0.43 43.45 NUC TROTS

VALUE DBET. 0U TO (11-14) BY WEB OF TYPE ( ALL ) MUST BE LZ 1
3 0.75 75.04 COmv TROTS
VALUE DBST. ON TOTS (15-17) BY WB OF TYPE ( ALL ) MUST BE LE 1
4 0.51 50.67 IED/ECON TUG
VALUE DEBT. 01 TOTS (1-17) BY WE8 OF TYPE ( ALL ) MUST BE LB 1
5 0.59 59.24 TOTAL TROTS

BABB FILE - IA I OUTPUT FILE - OAK1i

FINISHED - CONDITION CON = 0
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The STORAM.DAT file is created and 'stored* with data by the Tool

Two program (Appendix D). The file is OstoredO two lines at a time (one

An execution) where the first line lists the values for the AIM vari-

ables (weapons i this case) and the second line gives the values

generated by the AM for the dependent variables.

450 550 50 100 304 312 336 78 78 98 30 30 65 65 65 62
84.66 68.60 81.69 86."- 85.75
450 550 50 100 304 312 0 78 78 98 30 30 65 65 65 62
68.86 61.21 76.16 75.93 74.36
450 550 50 100 176 312 0 70 78 98 30 30 65 65 65 62
86.77 61.21 74.65 63.67 68.57
450 550 50 100 176 312 336 78 78 98 30 30 65 65 65 62
85.37 88.69 81.88 79.62 02.90
450 100 50 100 176 312 336 78 78 98 30 30 65 65 65 62
84.96 88.60 80.28 74.79 00.32
450 100 50 100 304 312 336 76 78 98 30 30 65 65 65 62
84.06 88.67 80.24 82.21 83.35
0 100 50 100 304 312 336 78 78 98 30 30 65 65 65 62

84.66 88.60 79.13 80.78 62.53
0 550 50 100 304 312 336 78 78 98 30 30 65 65 65 62

83.77 86.60 82.33 85.06 65.01
0 550 50 100 304 312 0 78 78 98 30 30 65 65 65 62

69.00 61.21 75.54 73.55 73.23
0 550 50 100 176 312 0 78 78 98 30 30 65 65 65 62

87.91 61.21 75.50 52.32 64.12
0 550 50 100 176 312 336 78 71 98 30 30 65 65 65 62

83.81 06.65 62.33 70.20 82.16
0 100 50 100 176 312 336 76 78 98 30 30 65 65 65 62

63.11 86.60 76.75 74.20 79.46
0 100 50 100 176 312 0 78 76 98 30 30 65 65 65 62

62.82 42.99 76.01 45.35 56.77
0 100 50 100 304 312 0 78 78 98 30 30 65 65 65 62

62.02 42.99 76.01 70.5S 67.57
450 100 50 100 304 312 0 78 78 98 30 30 65 65 65 62
8.53 48.64 76.01 70.95 69.47
450 100 50 100 176 312 0 78 76 96 30 30 65 65 65 62
I6.53 46.64 76.01 45.35 56.67
225 550 100 100 240 384 166 156 156 98 30 30 65 65 65 62
61.53 69.41 65.71 80.67 63.68
225 550 100 100 240 304 168 0 0 96 30 30 65 65 65S 62
83.77 89.43 81.43 79.06 82.44
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225 550 100 100 240 240 16$ 0 0 96 30 30 65 65 65 62
63.37 69.43 78.52 73.72 79.43
225 550 100 100 240 240 168 156 156 98 30 30 65 65 65 62
64.66 69.53 60.19 76.14 81.03
225 550 0 100 240 240 168 156 156 98 30 30 65 65 65 62
86.15 77.89 74.77 67.77 73.86
225 550 0 100 240 364 166 156 156 98 30 30 65 65 65 62
88.65 77.89 75.92 76.82 78.27
225 100 0 100 240 384 168 156 156 98 30 30 65 65 65 62
66.36 69.77 75.74 73.78 74.90
225 100 100 100 240 384 168 156 156 98 30 30 65 65 65 62
84.74 89.43 78.77 77.49 61.25
225 100 100 100 240 364 168 0 0 98 30 30 65 65 65 62
64.46 69.40 76.43 74.97 79.58
225 100 100 100 240 240 168 0 0 98 30 30 65 65 65 62
83.95 $9.43 74.41 60.66 72.99
225 100 100 100 240 240 168 156 156 98 30 30 65 65 65 62
82.05 89.36 76.03 72.44 78.11
225 100 0 100 240 240 166 156 156 98 30 30 65 65 65 62
84.04 69.77 75.70 55.37 66.84
225 100 0 100 240 240 168 0 0 98 30 30 65 65 65 62
66.34 69.77 76.32 37.22 59.61
225 100 0 100 240 384 168 0 0 96 30 30 65 65 65 62
66.34 69.77 76.32 61.26 69.76
225 550 0 100 240 34 166 0 0 98 30 30 65 65 65 62
8.97 77.89 75.30 72.98 76.52

225 550 0 100 240 240 168 0 0 98 30 30 65 65 65 62
88.95 77.89 75.26 49.94 66.78
225 325 100 200 240 312 336 78 76 156 30 30 65 65 65 62
64.07 89.22 63.41 66.59 86.06
225 325 100 200 240 312 336 76 78 40 30 30 6S 65 AS 62
$4.07 69.22 63.29 62.31 64.25
225 325 100 200 240 312 0 76 78 40 30 30 65 65 65 62
87.10 75.78 76.96 42.13 63.71
225 325 100 200 240 312 0 78 78 156 30 30 65 65 65 62
87.80 75.78 73.64 72.53 75.36
225 325 100 0 240 312 0 78 76 156 30 30 65 65 65 62
87.97 69.83 73.84 72.53 74.12
225 325 100 0 240 312 336 78 78 156 30 30 65 65 65 62
64.96 89.68 66.04 63.00 85.41
225 325 0 0 240 312 336 78 78 156 30 30 65 65 65 62
84.66 66.03 79.56 77.43 81.10
225 325 0 200 240 312 336 78 78 156 30 30 65 65 65 62
64.88 87.57 80.73 78.77 81.88
225 325 $ 200 240 312 336 78 78 40 30 30 65 65 65 62
64.73 87.57 78.11 75.37 79.79
225 325 0 200 240 312 0 78 78 40 30 30 65 65 65 62
67.10 45.44 78.96 42.13 57.17
225 325 0 200 240 312 0 78 78 156 30 30 6S 65 65 62
87.80 45.44 73.64 72.53 6.833
225 325 0 0 240 312 0 78 78 156 30 30 65 6S5 65 62
61.33 42.99 73.65 72.64 67.53
225 325 0 0 240 312 0 78 76 40 30 30 65 65 65 62
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60.63 42.99 76.96 42.13 55.6
225 325 0 0 240 312 336 78 78 40 30 30 65 65 65 62
84.72 8.03 78.33 73.09 78.97
225 325 100 0 240 312 336 78 78 40 30 30 65 65 65 62
84.61 89.74 62.10 81.02 83.59
225 325 100 0 240 312 0 78 78 40 30 30 65 65 65 62
87.27 69.83 78.96 42.13 62.45
225 325 50 200 304 312 168 156 156 98 60 60 65 65 65 62
66.60 8.53 77.85 76.86 60.60
225 325 50 200 304 312 166 156 156 98 0 0 65 65 65 62
86.68 8.53 75.20 76.69 80.16
225 325 50 200 304 312 168 0 0 98 0 0 65 65 65 62
66.68 8.53 75.68 72.27 78.33
225 325 50 200 304 312 168 0 0 98 60 60 65 65 65 62
66.66 80.53 74.57 74.71 79.09
225 325 50 200 176 312 168 0 0 98 6060 65 65 65 62
66.68 66.53 74.53 54.66 70.63
225 325 50 200 176 312 168 156 156 98 60 60 65 65 65 62
83.21 66.53 74.35 71.64 77.41
225 325 50 0 176 312 168 156 156 98 60 60 65 65 65 62
86.11 68.67 75.13 56.45 72.33
225 325 50 0 304 312 168 156 156 98 60 60 65 65 65 62
8.43 88.67 75.18 75.00 79.60
225 325 50 0 304 312 168 156 156 98 0 0 65 65 65 62
8.11 88.67 76.31 72.64 78.84
225 325 50 0 304 312 168 0 0 96 0 0 65 65 65 62
88.41 68.67 76.89 58.16 72.92
225 325 50 0 304 312 168 0 0 98 60 60 65 65 65 62
66.41 66.67 75.75 66.02 75.95
225 325 50 0 176 312 168 0 0 960 60 65 65 65 62
8.41 88.67 75.75 40.24 65.07
225 325 50 0 176 312 168 0 0 98 0 0 65 65 65 62
88.41 66.67 76.89 32.26 61.98
225 325 50 0 176 312 168 156156 98 0 0 65 65 65 62
86.11 8.67 76.27 50.46 69.23
225 325 50 200 176 312 161 156 156 98 0 0 65 65 65 6284.31 66.53 75.06 64.81 74.75
225 325 50 200 176 312 161 0 0 98 0 06 5 65 65 62
66.66 66.53 75.66 46.70 67.54
225 325 50 100 304 384 168 76 78 156 30 30 100 100 100 62
86.45 89.14 81.05 80.67 63.37
225 325 50 100 304 364 168 78 78 156 30 30 30 30 30 62
67.21 61.41 73.74 79.57 79.47
225 325 50 100 304 364 168 78 78 40 30 30 30 30 30 62
65.64 01.42 76.23 67.73 75.37
225 325 50 100 304 364 168 76 76 40 30 30 100 100 100 62
67.60 89.17 76.73 77.71 61.13
225 325 50 100 304 240 168 78 78 40 30 30 100 160 100 62
8.45 89.17 76.73 67.69 76.76
225 325 50 100 304 240 168 78 78 156 30 30 100 100 100 62
$7.41 89.14 61.92 72.91 60.34
225 325 50 100 176 240 168 78 78 156 30 30 100 100 100 62
85.00 69.05 73.61 67.03 75.53
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225 325 50 100 176 3$4 166 78 78 156 30 30 100 100 100 62
87.41 89.14 80.17 73.93 80.34
225 325 50 100 176 384 168 78 76 156 30 30 30 30 30 62
65.70 81.40 73.47 72.64 76.29
225 325 50 100 176 384 168 78 78 40 30 30 30 30 30 62
85.64 81.42 78.23 42.03 64.53
22S 325 50 100 176 384 168 78 76 40 30 30 100 100 100 62
66.45 89.18 76.73 65.92 76.02
225 325 50 100 176 240 168 78 78 40 30 30 100 100 100 62
86.45 89.17 76.73 41.99 65.92
225 325 50 100 176 240 168 78 78 40 30 30 30 30 30 62
86.79 61.42 76.94 18.19 54.30
225 325 SO 100 176 240 168 78 78 156 30 30 30 30 30 62
85.70 81.40 73.47 48.91 66.28
225 325 50 100 304 240 168 78 76 156 30 30 30 30 30 62
86.84 61.41 73.74 72.38 76.39
225 325 50 100 304 240 168 78 76 40 30 30 30 30 30 62
86.79 81.42 76.94 44.13 65.24
225 325 50 100 240 384 336 76 76 98 60 60 65 65 65 124
84.96 89.46 81.88 88.04 86.48
225 325 50 100 240 384 336 78 78 98 60 60 65 65 65 0
64.07 68.03 84.88 81.88 79.88
225 325 SO 100 240 384 336 78 78 98 0 0 65 65 65 0
63.83 67.97 84.65 80.92 79.38
225 325 50 100 240 384 336 78 78 98 0 0 65 65 65 124
84.07 89.46 81.11 87.55 85.98
225 325 50 100 240 384 0 78 78 9$ 0 0 65 65 65 124
89.10 58.59 77.88 76.32 74.40
225 325 50 100 240 384 0 78 78 98 60 60 65 65 65 124
89.07 58.56 77.87 77.77 75.00
225 325 50 100 240 240 0 78 78 98 60 60 65 65 65 124
86.68 58.56 74.94 72.64 71.84
225 325 SO 100 240 240 336 78 78 98 60 60 65 65 65 124
82.80 89.41 81.66 82.55 83.84
225 325 50 100 240 240 336 78 78 98 60 60 65 65 65 0
63.77 68.01 61.01 77.59 77.09
225 325 501S00 240240 336 78 78 98 0 0 65 65 65 0
84.46 68.01 80.57 76.35 76.55
225 325 50 100 240 240 336 7$ 78 96 0 0 65 65 65 124
83.62 89.41 61.33 $1.27 63.35
225 325 50 100 240 240 0 78 78 96 0 0 65 65 65 124
66.46 58.54 74.44 70.20 70.66
225 325 SO 100 240 240 0 78 78 98 0 0 65 65 65 0
67.93 37.13 76.58 42.30 54.97
225 325 SO 100 240 240 0 78 78 98 60 60 65 65 65 0
87.93 37.13 75.44 50.29 56.06
225 325 501 00 240 384 0 78 78 98 60 60 65 65 65 0
88.65 37.13 75.49 72.79 67.65
225 325 SO 100 240 384 0 78 78 98 0 0 65 65 65 0
67.93 37.13 76.58 66.21 65.05
450 325 50 100 240 312 336 156 156 98 30 30 100 100 100 62
84.73 89.01 82.63 84.82 85.18
450 325 50 100 240 312 336 156 156 98 30 30 30 30 30 62
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02.77 11.29 03.20 60.70 01.66
450 325 50 100 240 312 336 0 0 98 30 30 30 30 30 62
04.66 01.34 80.02 70.45 00.20
450 325 50 100 240 312 336 0 0 98 30 30 100 100 100 62
84.96 89.06 82.62 01.38 83.76
450 325 50 100 240 312 0 0 0 96 30 30 100 100 100 62
86.84 61.62 74.96 67.60 70.65
450 325 50 100 240 312 0 156 156 98 30 30 100 100 100 62
80.61 61.61 76.60 73.15 73.63
0 325 50 100 240 312 0 156 156 98 30 30 100 100 100 62

88.72 53.62 78.60 72.95 72.04
0 325 50 100 240 312 336 156 156 98 30 30 100 100 100 62

04.73 89.01 02.15 83.36 04.45
0 325 50 100 240 312 336 156 156 98 30 30 30 30 30 62

83.77 01.24 01.40 79.71 80.93
0 325 50 100 240 312 336 0 0 98 30 30 30 30 30 62

03.09 81.24 79.66 76.99 79.38
0 325 50 100 240 312 336 0 0 98 30 30 100 100 100 62

04.79 89.01 82.75 79.63 83.03
0 325 50 100 240 312 0 0 0 96 30 30 100 100 100 62

69.55 53.64 74.98 66.43 66.51
0 325 50 100 240 312 0 0 0 98 30 30 30 30 30 62

89.31 45.67 76.32 43.03 57.26
0 325 50 100 240 312 0 156156 98 30 30 30 30 30 62

06.59 45.87 76.01 61.19 64.52
450 325 50 100 240 312 0 156 156 98 30 30 30 30 30 62
65.8 53.85 76.01 62.37 66.66
450 325 50 100 240 312 0 0 0 98 30 30 30 30 30 62
8.59 53.65 76.32 44.24 59.41
225 550 50 100 240 312 16$ 156 156 156 30 30 65 65 65 124
65.12 09.50 03.05 60.07 03.45
225 550 50 100 240 312 168 156 156 156 30 30 65 65 65 0
67.60 68.14 79.79 75.8 76.56
225 550 50 100 240 312 168 156 156 40 30 30 65 65 65 0
05.65 68.14 76.62 72.94 74.34
225 550 50 100 240 312 166 156 156 40 30 30 65 65 65 124
07.42 69.57 77.01 78.20 61.50
225 550 50 100 240 312 168 0 0 40 30 30 65 65 65 124
07.42 69.50 76.90 74.46 79.07
225 550 50 100 240 312 168 0 0 156 30 30 65 65 65 124
07.41 89.54 79.07 77.73 81.96
225 100 50 100 240 312 168 0 0 156 30 30 65 65 65 124
06.18 85.66 78.81 73.56 78.96
225 100 50 100 240 312 168 156 156 156 30 30 65 65 65 124
86.10 05.66 79.41 77.05 60.57
225 100 50 100 240 312 168 156 156 156 30 30 65 65 65 0
05.51 64.21 76.51 72.95 73.43
225 100 50 100 240 312 168 156 156 40 30 30 65 65 65 0
82.99 64.24 78.03 51.21 64.53
225 100 50 100 240 312 160 156 156 40 30 30 65 65 65 124
06.25 S.66 77.29 73.20 70.45
225 100 50 100 240 312 166 0 0 40 30 30 65 65 65 124
86.34 $5.60 75.06 65.39 74.62
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225 100 50 100 240 312 168 0 0 40 30 30 65 65 65 0
85.95 64.24 78.81 33.09 57.24
225 100 50 100 240 312 168 0 0 156 30 30 65 65 65 0
86.34 64.24 73.77 64.59 69.35
225 550 50 100 240 312 168 0 0 156 30 30 65 65 65 0
87.12 68.10 78.79 72.71 74.92
225 550 50 100 240 312 166 0 0 40 30 30 65 65 65 0
67.60 68.14 76.66 57.84 68.19
450 325 100 100 240 312 168 78 78 156 60 60 65 65 65 62
85.07 89.40 80.82 78.28 82.11
450 325 100 100 240 312 168 78 78 156 0 0 65 65 65 62
84.66 89.40 79.60 77.75 81.54
450 325 100 100 240 312 168 78 78 40 0 0 65 65 65 62
63.77 89.40 78.14 73.83 79.43
450 325 100 100 240 312 168 78 76 40 60 60 65 65 65 62
84.55 89.40 78.10 75.02 60.01
450 325 0 100 240 312 166 78 78 40 60 60 65 65 65 62
86.88 77.89 78.27 46.09 66.49
450 325 0 100 240 312 168 78 78 156 60 60 65 65 65 62
67.53 77.85 75.87 72.56 76.30
0 325 0 100 240 312 168 78 78 156 60 60 65 65 65 62

66.59 74.02 75.15 72.55 75.18
0 325 100 100 240 312 166 78 78 156 60 60 65 65 65 62

84.66 69.40 79.80 77.02 61.28
0 325 100 100 240 312 168 78 78 156 0 0 65 65 65 62

84.66 89.40 79.84 75.59 80.69
0 325 100 100 240 312 168 78 78 40 0 0 65 65 65 62

83.46 69.41 76.74 72.59 78.53
0 325 100 100 240 312 166 78 78 40 60 60 65 65 65 62

84.33 89.43 78.17 72.97 79.14
0 325 0 100 240 312 168 78 78 40 60 60 65 65 65 62

65.87 74.06 78.30 46.79 65.00
0 325 0 100 240 312 166 78 76 40 0 0 65 65 65 62

65.87 74.06 76.55 41.72 62.43
0 325 0 100 240 312 161 78 78 156 0 0 65 65 6S5 62

86.68 74.06 74.03 69.53 73.65
450 325 0 100 240 312 168 78 78 156 0 0 65 65 65 62
87.69 77.89 74.03 70.70 75.09
450 325 0 100 240 312 166 78 78 40 0 0 65 65 65 62
86.88 77.90 77.66 41.72 63.65
225 550 50 200 240 312 168 76 78 98 60 60 100 100 100 62
86.50 $8.91 79.05 77.6$ 61.49
225 550 50 200 240 312 168 78 78 98 60 60 30 30 30 62
85.96 61.18 76.36 73.06 77.65
225550 50 200 240 312 166 76 78 98 0 0 30 30 30 62
84.93 81.14 77.24 72.59 77.04
225 550 50 200 240 312 168 78 76 98 0 0 100 100 100 62
86.59 88.91 78.99 76.30 60.91
225 55 SO 0 240 312 168 78 78 98 0 0 100 100 100 62
68.53 89.37 79.37 73.04 79.96
225 550 SO 0 240 312 168 78 78 96 60 60 100 100 100 62
88.53 89.40 79.22 74.51 80.54
225 100 SO 0 240 312 166 78 78 968 60 60 100 100 100 62
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65.03 62.63 77.14 72.63 77.37
225 100 50 200 240 312 168 78 78 98 60 60 100 100 100 62
85.21 87.93 77.15 72.55 78.50
225 100 50 200 240 312 168 78 78 98 60 60 30 30 30 62
84.53 80.14 75.75 56.10 69.46
225 100 50 200 240 312 168 78 78 98 0 0 30 30 30 62
84.53 80.14 76,89 48.12 66.37
225 100 50 200 240 312 168 78 78 98 0 0 100 100 100 62
85.16 87.91 75.25 71.36 77.52
225 100 50 0 240 312 168 78 78 98 0 0 100 100 100 62
85.16 82.65 75.25 71.36 76.39
225 100 50 0 240 312 168 78 78 98 0 0 30 30 30 62
84.53 74.88 76.89 48.12 65.23
225 100 50 0 240 312 168 78 78 98 60 60 30 30 30 62
64.53 74.88 75.75 56.10 68.32
225 550 50 0 240 312 168 78 78 98 60 60 30 30 30 62
86.70 81.64 74.34 72.15 76.47
225 550 50 0 240 312 168 78 78 98 0 0 30 30 30 62
86.70 81.64 75.48 64.39 73.47
225 325 100 100 304 312 168 78 78 98 30 30 100 100 100 124
84.12 89.40 81.59 86.16 85.51
225 325 100 100 304 312 168 78 78 98 30 30 100 100 100 0
83.77 76.13 79.78 80.30 79.69
225 325 100 100 304 312 168 78 78 98 30 30 30 30 30 0
83.89 61.41 78.52 77.87 75.20
225 325 100 100 304 312 168 78 78 98 30 30 30 30 30 124
83.00 90.62 79.72 80.86 82.94
225 325 100 100 176 312 168 78 78 98 30 30 30 30 30 124
83.63 90.65 7.8 73.93 73.89
225 325 100 100 176 312 168 78 78 98 30 30 100 100 100 124
84.96 86.35 81.62 79.18 82.66
225 325 0 100 176 312 168 78 78 98 30 30 100 100 100 124
86.$3 76.60 78.53 73.71 77.07
225 325 0 100 304 312 168 78 78 98 30 30 100 100 100 124
88.24 76.60 74.96 80.36 80.15
225 325 0 100 304 312 168 78 78 98 30 30 100 100 100 0
88.43 42.94 76.05 73.32 73.65
225 325 0 100 304 312 168 78 78 98 30 30 30 30 30 0
66.60 48.22 76.32 64.92 64.28
225 325 0 100 304 312 168 78 78 98 30 30 30 30 30 124
87.7 77.44 74.05 75.40 76.60
225 325 0 100 176 312 168 78 78 98 30 30 30 30 30 124
86.60 77.42 74.00 72.42 69.67
225 325 0 100 176 312 168 78 78 98 30 30 30 30 30 0
86.60 48.22 76.32 39.14 55.80
225 325 0 100 176 312 168 78 78 9.8 30 30 100 100 100 0

87.23 62.34 76.01 51.56 64.22
225 325 100 100 176 312 168 78 78 90 30 30 100 100 100 0
$1.94 76.16 79.79 73.47 76.60
225 325 100 100 176 312 160 78 78 98 30 30 30 30 30 0
$1.72 61.00 7S.80 72.72 72.01
450 325 50 200 240 384 168 78 78 98 30 30 65 65 65 124
8S.23 89.31 81.10 79.48 02.68
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450 325 50 200 240 384 166 76 78 98 30 30 65 65 65 0
86.56 67.91 76.81 75.90 75.67
450 325 50 200 240 240 168 78 78 98 30 30 65 65 65 0
64.17 67.91 74.55 66.17 70.73
450 325 50 200 240 240 168 78 78 98 30 30 65 65 65 124
86.52 89.31 78.30 73.73 79.73
450 325 50 0 240 240 168 78 78 98 30 30 65 65 65 124
86.49 69.77 75.62 72.55 78.68
450 325 50 0 240 384 168 78 78 96 30 30 65 65 65 124
88.40 89.81 77.99 78.06 81.82
0 325 50 0 240 384 168 78 78 98 30 30 65 65 65 124

67.67 87.32 77.70 77.18 80.75
0 325 50 200 240 384 168 78 78 98 30 30 65 65 65 124

65.64 69.35 78.35 78.92 81.84
0 325 50 200 240 364 168 76 76 98 30 30 65 65 65 0

86.79 67.91 75.38 74.07 74.58
0 325 50 200 240 240 168 78 78 98 30 30 65 65 65 0

85.64 67.91 75.33 54.98 66.38
0 325 50 200 240 240 168 78 78 98 30 30 65 65 65 124

84.25 89.31 77.50 72.47 78.74
0 325 50 0 240 240 168 78 78 98 30 30 65 65 65 124

85.26 87.32 74.39 72.08 77.51
0 325 50 0 240 240 168 78 78 98 30 30 65 65 65 0

86.68 65.90 76.01 46.29 62.57
0 325 50 0 240 384 168 76 78 98 30 30 65 65 65 0

86.68 65.90 76.01 70.09 72.61
450 325 50 0 240 384 168 76 78 98 30 30 65 65 65 0
86.39 68.37 75.74 72.93 74.48
450 325 50 0 240 240 168 78 76 98 30 30 65 65 65 0
87.25 68.37 75.70 51.15 65.14
225 325 50 100 240 312 168 78 78 98 30 30 65 65 65 62
86.45 88.76 75.51 64.99 75.24
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The RISPHSES.IH file is manually created from the STORAGI.DAT file

shown in Appendix L. Starting vith line one of the STORAGB.DAT file,

every other line is deleted throuqh the vhole file. what remains are

the lines containing the dependent variable values from each of the 193

ANN executions, i.e. the RESPNSES.IN file.

84.66 86.60 81.69 86.93 85.75
88.86 61.21 76.16 75.93 74.36
86.77 61.21 74.65 63.67 68.57
85.37 88.69 81.88 79.82 82.90
84.96 88.60 80.28 74.79 80.32
84.06 88.67 80.24 82.21 83.35
84.66 88.60 79.13 80.78 82.53
83.77 88.60 82.33 85.08 85.01
89.08 61.21 75.54 73.55 73.23
87.91 61.21 75.50 52.32 64.12
83.81 88.65 82.33 78.28 82.16
83.11 88.60 78.75 74.20 79.48
82.82 42.99 76.01 45.35 56.77
82.82 42.99 76.01 70.95 67.57
88.53 48.64 76.01 70.95 69.47
88.53 48.64 76.01 45.35 58.67
81.53 89.41 85.71 80.67 83.88
83.77 89.43 81.43 79.06 82.44
83.37 89.43 78.52 73.72 79.43
84.66 89.53 80.19 76.14 81.03
86.15 77.89 74.77 67.77 73.86
88.85 77.89 75.92 76.82 78.27
86.36 69.77 75.74 73.78 74.90
84.74 89.43 78.77 77.49 81.25
84.46 89.40 76.43 74.97 79.58
83.95 89.43 74.41 60.66 72.99
82.05 89.36 76.03 72.44 78.11
84.04 69.77 75.70 55.37 66.84
86.34 69.77 76.32 37.22 59.61
86.34 69.77 76.32 61.26 69.76
88.97 77.89 75.30 72.98 76.52
88.95 77.89 75.26 49.94 66.78
84.07 89.22 83.41 86.59 86.08
84.07 89.22 83.29 82.31 84.25
87.10 75.78 78.96 42.13 63.71
87.80 75.78 73.84 72.53 75.38
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67.97 69.83 73.64 72.53 74.12
84.96 89.68 86.04 83.00 85.41
84.68 88.03 79.56 77.43 81.10
84.88 87.57 80.73 78.77 81.88
84.73 87.57 78.11 75.37 79.79
87.10 45.44 78.96 42.13 57.17
87.80 45.44 73.84 72.53 68.83
81.33 42.99 73.65 72.64 67.53
80.63 42.99 78.96 42.13 55.86
84.72 88.03 78.33 73.09 78.97
84.61 89.74 82.10 81.02 83.59
87.27 69.83 78.96 42.13 62.45
86.60 88.53 77.85 76.88 80.80
86.68 88.53 75.20 76.89 80.16
66.68 88.53 75.68 72.27 78.33
86.68 88.53 74.57 74.71 79.09
86.68 88.53 74.53 54.68 70.63
83.21 88.53 74.35 71.84 77.41
86.11 88.67 75.13 58.45 72.33
88.43 88.67 75.18 75.00 79.60
88.11 88.67 76.31 72.64 78.84
88.41 88.67 76.89 58.18 72.92
88.41 88.67 75.75 66.02 75.95
88.41 88.67 75.75 40.24 65.07
88.41 88.67 76.89 32.26 61.98
86.11 88.67 76.27 50.46 69.23
84.31 88.53 75.06 64.81 74.75
86.68 88.53 75.66 46.70 67.54
86.45 89.14 81.05 80.87 83.37
87.21 81.41 73.74 79.57 79.47
85.64 81.42 78.23 67.73 75.37
87.60 89.17 76.73 77.71 81.13
86.45 69.17 76.73 67.69 76.76
87.41 89.14 81.92 72.91 80.34
85.00 89.05 73.61 67.03 75.53
87.41 89.14 80.17 73.93 80.34
85.70 81.40 73.47 72.64 76.29
85.64 81.42 78,23 42.03 64.53
86.45 89.18 76.73 65.92 76.02
86.45 89.17 76.73 41.99 65.92
86.79 81.42 76.94 18.19 54.30
85.70 81.40 73.47 48.91 66.28
86.84 81.41 73.74 72.38 76.39
86.79 81.42 76.94 44.13 65.24
84.96 89.46 81.88 88.04 86.48
84.07 68.03 84.88 81.88 79.88
83.83 67.97 84.65 80.92 79.38

84.07 89.46 81.11 87.55 85.98
89.10 58.59 77.88 76.32 74.40
89.07 58.56 77.87 77.77 75.00
86.68 58.56 74.94 72.64 71.84
82.80 89.41 81.66 82.55 83.84
63.77 68.01 81.01 77.59 77.09
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84.46 68.01 80.57 76.35 76.55
83.82 89.41 81.33 61.27 83.35
86.46 58.54 74.44 70.20 70.66
87.93 37.13 76.58 42.30 54.97
67.93 37.13 75.44 50.29 58.06
88.65 37.13 75.49 72.79 67.65
87.93 37.13 76.58 66.21 65.05
84.73 89.01 82.63 84.82 85.18
82.77 81.29 83.20 00.70 81.68
84.66 81.34 80.02 78.45 80.20
84.96 89.06 82.62 81.38 83.76
88.84 61.62 74.98 67.60 70.65
8.61 61.61 78.60 73.15 73.83
88.72 53.62 78.60 72.95 72.04
84.73 89.01 82.15 83.36 84.45
83.77 81.24 81.40 79.71 80.93
83.89 81.24 79.66 76.99 79.38
84.79 89.01 82.75 79.63 63.03
89.55 53.64 74.98 66.43 68.51
89.31 45.87 76.32 43.03 57.26
86.59 45.87 76.01 61.19 64.52
85.88 53.85 76.01 62.37 66.66
88.59 53.85 76.32 44.24 59.41
85.12 89.58 83.05 80.07 83.45
87.60 68.14 79.79 75.88 76.56
85.85 68.14 76.62 72.94 74.34
87.42 89.57 77.01 78.28 81.50
87.42 89.58 76.90 74.46 79.87
87.41 89.54 79.87 77.73 81.96
86.18 85.66 78.81 73.56 78.96
86.18 85.66 79.41 77.05 80.57
85.51 64.21 76.51 72.95 73.43
82.99 64.24 78.83 51.21 64.53
86.25 85.66 77.29 73.20 78.45
86.34 85.68 75.06 65.39 74.62
85.95 64.24 78.81 33.09 57.24
86.34 64.24 73.77 64.59 69.35
87.12 68.10 78.79 72.71 74.92
87.60 68.14 76.66 57.84 66.19
85.07 89.40 80.82 78.28 82.11
64.66 89.40 79.60 77.75 81.54
63.77 89.40 78.14 73.83 79.43
84.55 89.40 78.10 75.02 80.01
86.88 77.89 78.27 48.09 66.49
87.53 77.65 75.87 72.56 76.30
86.59 74.02 75.15 72.55 75.18
84.66 89.40 79.80 77.02 81.28
84.66 89.40 79.84 75.59 80.69
83.46 89.41 76.74 72.59 78.53
84.33 89.43 78.17 72.97 79.14
85.87 74.06 78.30 46.79 65.00
85.87 74.06 76.55 41.72 62.43
86.68 74.06 74.03 69.53 73.65
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67.69 77.89 74.03 70.70 75.09
86.88 77.90 77.66 41.72 63.65
86.50 88.91 79.05 77.68 81.49
85.98 81.18 78.36 73.08 77.65
84.93 81.14 77.24 72.59 77.04
86.59 88.91 78.99 76.30 80.91
88.53 89.37 79.37 73.04 79.96
88.53 89.40 79.22 74.51 80.54
85.03 82.63 77.14 72.63 77.37
85.21 87.93 77.15 72.55 78.50
84.53 80.14 75.75 56.10 69.46
84.53 80.14 76.89 48.12 66.37
85.16 87.91 75.25 71.36 77.52
85.16 82.65 75.25 71.36 76.39
84.53 74.88 76.89 48.12 65.23
84.53 74.88 75.75 56.10 68.32
86.70 81.64 74.34 72.15 76.47
86.70 81.64 75.48 64.39 73.47
84.12 89.40 81.59 86.16 85.51
83.77 76.13 79.78 80.30 79.69
83.89 61.41 78.52 77.87 75.20
83.00 90.62 79.72 80.86 82.94
83.63 90.65 78.85 73.93 79.89
84.96 89.35 81.62 79.18 82.66
86.83 76.60 78.53 73.71 77.07
88.24 76.60 78.96 80.36 80.15
88.43 62.94 76.05 73.32 73.55
86.60 48.22 76.32 64.92 66.68
87.76 77.44 74.05 75.40 76.99
86.60 77.42 74.00 58.42 69.67
86.60 48.22 76.32 39.14 55.80
87.26 62.94 76.01 51.56 64.22
81.94 76.16 79.79 73.47 76.60
81.72 61.00 75.80 72.72 72.01
85.23 89.31 81.10 79.48 82.68
86.56 67.91 76.81 75.90 75.67
84.17 67.91 74.55 66.17 70.73
86.52 89.31 78.30 73.73 79.73
86.49 89.77 75.62 72.55 78.68
88.40 89.81 77.99 78.06 81.82
87.67 87.32 77.70 77.18 80.75
85.64 89.35 78.35 78.92 81.84
86.79 67.91 75.38 74.07 74.58
85.64 67.91 75.33 54.98 66.38
84.25 89.31 77.50 72.47 78.74
85.26 87.32 74.39 72.08 77.51
86.68 65.90 76.01 46.29 62.57
86.68 65.90 76.01 70.09 72.61
88.39 68.37 75.74 72.93 74.48
87.25 68.37 75.70 51.15 65.14
86.45 88.76 75.51 64.99 75.24
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The DSGMnX-.IN file is created from the CODRD8GN subroutine when

selection C is picked from the min menu of the RS~ed-ARH program. The

DSGMYRX.IN file Is the coded version (refer to equation 2.3) of the

ASH.DAT file (Appendix J) with the exception of the first line. The

first line first shows how many design variables were processed In the

INPTDATA subroutine and then how many ARM variables there are in the

IMH1.DAT file (Appendix 3). The expanded Dox-Behnken experimental

design follows.

1216
1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
1.0 1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0
1.0 1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0
1.0 1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
1.0 -1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
1.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0

-1.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
-1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
-1.0 1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0
-1.0 1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0
-1.0 1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
-1.0 -1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
-1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0
-1.0 -1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0
1.0 -1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0
1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0
0.0 1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 1.0 1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0
0.0 1.0 1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0
0.0 1.0 1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 1.0 -1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 1.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 -1.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 -1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 -1.0 1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0
0.0 -1.0 1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0
0.0 -1.0 1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0
0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0
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0.0 -1.0 -1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0
0.0 1.0 -1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0
0.0 1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0
0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0
0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0
0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 1.0 -1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 1.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 -1.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 -1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 -1.0 1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0
0.0 0.0 -1.0 1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0
0.0 0.0 -1.0 1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0
0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0
0.0 0.0 -1.0 -1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0
0.0 0.0 1.0 -1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0
0.0 0.0 1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0
0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0
0.0 0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0
0.0 0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 1.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 -1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 -1.0 1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0
0.0 0.0 0.0 -1.0 1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0
0.0 0.0 0.0 -1.0 1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0
0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0
0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0
0.0 0.0 0.0 1.0 -1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0
0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0
0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 -1.0 0.0
0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0 -1.0 0.0
0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -1.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 1.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 1.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 1.0 0.0 -1.0 0.0
0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 -1.0 0.0 -1.0 0.0
0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 -1.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0 1.0 0.0
0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0
0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 1.0 0.0 -1.0 0.0
0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 1.0 0.0 -1.0 0.0
0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0 0.0
0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0 -1.0
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0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0 -1.0
0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -1.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 1.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 1.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 1.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 1.0 0.0 -1.0
0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 -1.0 0.0 -1.0
0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 -1.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0 1.0
0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0
0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 1.0 0.0 -1.0
0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 1.0 0.0 -1.0
0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -1.0 0.0 -1.0
1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -1.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 1.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 1.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 1.0 0.0

-1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 1.0 0.0
-1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0 0.0
-1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 -1.0 0.0
-1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -1.0 0.0
-1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 1.0 0.0
-1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 1.0 0.0
-1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0
-1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 -1.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 -1.0 0.0
1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0 0.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 -1.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -1.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 1.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 1.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 1.0
0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 1.0
0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 1.0
0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0 -1.0
0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 -1.0
0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0 1.0
0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 1.0
0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0
0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 -1.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0 -1.0
0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0 -1.0
1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0
1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0
1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0
1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0
1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0
1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0

-1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0
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-1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0 0.0

-1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0
-1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0
-1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0
-1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0 0.0
-1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0
-1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0

1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0 0.0
1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0 0.0
0.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0
0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0
0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0
0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0
0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0
0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0
0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0
0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0 0.0
0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0
0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0
0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0
0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0 0.0
0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0
0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0
0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0 0.0
0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0 0.0
0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0

0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.0 -0.0
0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0
0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0
0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0
0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0
0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0
0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 1.0
0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0
0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0
0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0
0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 1.0
0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0
0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0
0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0 -1.0
0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0 -1.0
1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
1.0 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -1.0
1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0
1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0
1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0
1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
-1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
-1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 1.0
-1.0 0.0 0.0 1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0
-1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0
-1.0 0.0 0.0 1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0
-1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 1.0
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-1.0 0.0 0.0 -1. 0.0 -1. 0.0 0. 0.0WWKW 0'l'tV~ .0VKk VLW-WNL-V 0.0 -1.

-1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0
-1.0 0.0 0.0 -1.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 -1.0

1.0 0.0 0.0 -1.0 0.0 -1.0 0.0 0.0 0.0 0.0 0.0 -1.0
0.0 0.0 0.0 01.0 0.0 01.0 0.0 0.0 0.0 0.0 0.0 01.0
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hummdix 0: Yha naeIe.M? File

The RGR1US.DAT file is created by the RGRSSION subroutine. The

file contains the 88, SSR, 88O, R2 , and residual statistics along with

the parameter sum-of-squares. The parameter sum-of-squares are shown In

ascending order by the parameter sum-of-squares as an aid to the user

when choosing variables to include in the model that will be used ior

informational analysis. This appendix show the regression results for

five dependent variables.

Regression Output for Dependent Variable: YI

Model Sum of Error Sum of Total Sum of
Squares (SSR) Squares (SSE) Squares (SSTO) R-Square

452.22 197.90 650.12 0.6956

Parameters Of Yi Sorted In Ascending Order
By Their Sum Of Squares

Type I Sum Percent Sumed Percent
Number Variable of Squares Of SSR Of SSR

1 PKBIP * B-52CHC 0.001 0.00 0.00
2 MICUM 2 B-52CMC 0.002 0.00 0.00
3 NMII 2 D-52CNC 0.002 0.00 0.00
4 PDIIlP2N t ATS 0.003 0.00 0.00
5 MNIII 2 B-52PZN 0.004 0.00 0.00
6 MKII * FBIIlPEN 0.004 0.00 0.00
7 MICBN 9 FBIIPU 0.004 0.00 0.00
6 HICBM * AYB 0.007 0.00 0.01
9 BIB * ATB 0.020 0.00 0.01

10 POSC3 * DI 0.021 0.00 0.02
11 POSTRIC4 * POSTRIC4 0.026 0.01 0.02
12 TRIDS 2 ATS 0.026 0.01 0.03
13 PK36P * BIB 0.026 0.01 0.03
14 MMII 2 POSTRIC4 0.040 0.01 0.04
15 B-52P3N * FBIlIPED 0.046 0.01 0.05
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Parameters of Y1 Sorted In Ascending Order
By Their Sun Of Squares

Type I Sum Percent Sumed Percent
Number Variable of Squares Of SSR Of SSR

16 NI4I t MMII 0.047 0.01 0.06
17 HICBM ' MICBM 0.055 0.01 0.07
18 kTB • ATB 0.061 0.01 0.09
19 MII * BIB 0.064 0.01 0.10
20 NICBM * B-52PRN 0.068 0.01 0.12
21 MIII * FBIIIP6M 0.068 0.01 0.13
22 PlliPEN 0.073 0.02 0.15
23 PK3EP POSC3 0.092 0.02 0.17
24 POSC3 * POSC3 0.092 0.02 0.19
25 FOIIlPU • BIB 0.093 0.02 0.21
26 TRID5 * B1B 0.095 0.02 0.23
27 B-S2CHC 2 DBI 0.101 0.02 0.25
28 HICBM BIB 0.106 0.02 0.28
29 MMII 2 B-52PH 0.111 0.02 0.30
30 POBC3 * FBIIIPIN 0.112 0.02 0.32
31 HICBN * POSC3 0.130 0.03 0.35
32 TRIDS * FB1I1PZN 0.139 0.03 0.38

" 33 B-S2CMC * FI11IPBN 0.139 0.03 0.41
34 BIB ' DID 0.150 0.03 0.45
35 BlIlPU * PeiliPN 0.196 0.04 0.49
36 NICBN * POSTRIC4 0.207 0.05 0.54
37 POSC3 * POSRIC4 0.214 0.05 0.58
38 MlII * POSC3 0.216 0.05 0.63
39 ATB 0.248 0.05 0.69
40 B-52PEN * B-52CMC 0.292 0.06 0.75
41 MMII 2 POSC3 0.303 0.07 0.82
42 PKEV • FilllPEN 0.334 0.07 0.89
43 YRIDS * B-52CNC 0.342 0.08 0.97
44 PKgP 2 B-52PZN 0.432 0.10 1.06
45 B-52PSN • ATB 0.449 0.10 1.16
46 "NII 2 TRIDS 0.543 0.12 1.28
47 POSC3 • B-S2C)C 0.544 0.12 1.40
48 POSTRIC4 * B-52CHC 0.551 0.12 1.52
49 "MII * PKIV 0.574 0.13 1.65
50 II * ATD 0.656 0.15 1.80
51 POSYRIC4 * VB11PU 0.6$5 0.15 1.95
52 POSC3 * TRID5 0.706 0.16 2.10
53 MIIllI BIB 0.722 0.16 2.26
54 POSTRIC4 2 B-S2PSN 0.833 0.18 2.45
55 POSTRIC4 2 TRIDS 0.842 0.19 2.63
56 MIII * B-52CHC 0.865 0.19 2.83
57 PK3EP * ATB 0.926 0.20 3.03
58 POSC3 * ATB 1.035 0.23 3.26
59 B-52CMC * B-52CHC 1.040 0.23 3.49
60 MMII 2 NICBM 1.040 0.23 3.72
61 TRIDS 2 B-S2P1U 1.097 0.24 3.96
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Parameters of Y1 sorted In Ascending order
By Their Sam of Squares

Type I Sun Percent Sume d Percent
Number Variable of Squares Of SSR Of SS'R

62 POSTRIC4 * B13 1.283 0.28 4.25
63 PKZKU 2 POSYRIC4 1.305 0.29 4.53
64 POSYRIC4 * ATB 1.441 0.32 4.85
65 "Kill 2 ATB 1.538 0.34 5.19
66 B-52CMC 1.802 0.40 5.59
67 104111 2 POSTRIC4 1.911 0.42 6.01
68 B-52PZU * B11 2.318 0.51 6.53
69 MMIII * Mill 2.679 0.59 7.12
70 MMIII * MICIM 2.756 0.61 7.73
71 3-S2CMC * ATB 2.822 0.62 8.35

k72 B-52P33 * B-52PUM 4.674 1.03 9.39
73 "Mil1 2 !RIDS 5.176 1.14 10.53
74 POSC3 2 B-52PEN 6.350 1.40 11.93
75 TRIDS 2 TRIDS 6.466 1.43 13.36
76 MMII 6.734 1.49 14.85
77 MICBM 7.426 1.64 16.50
78 POSTRIC4 8.345 1.85 18.34
79 MMII 2 MMIII 8.381 1.85 20.19
80 MMIII * PKK3P 8.570 1.90 22.09
81 POSC3 9.579 2.12 24.21
82 BIB 10.898 2.41 26.62
83 M[CBM * ?RIDS 11.937 2.64 29.26
84 PKEIP * TRID5 13.286 2.94 32.20
85 PK9RP * ICUM 13.913 3.08 35.27
86 B-52PEN4 18.922 4.18 39.46
87 MMIII 30.650 6.78 46.23
88 PK9IP *PKMCP 34.983 7.74 53.97
89 PKEKP 67.261 14.87 68.84
90 TRIDS 140.897 31.16 100.00

For Y1: Residuals Associated Vith The Design Points

Design Point ARM's Response Postulated Model's Response Residual

1 84.66 83.07 0.79
2 88.86 88.66 0.20
3 86.77 87.51 -0.74
4 85.37 83.56 11,81

5 84.96 85.00 -0.04
6 84.06 84.84 -0.78
7 84.66 83.28 1.38
8 83.77 85.21 -1.44
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For Ti: Residuals Associated vith The Design Points

Design Point AUI's Response Postulated Model's Response Residual

9 89.08 89.47 -0.39
10 87.91 87.77 0.14
11 83.81 84.35 -0.54
12 83.11 82.88 0.23
13 82.82 84.03 -1.21
14 82.82 85.27 -2.45
15 88.53 87.35 1.18
16 88.53 86.67 1.86
17 81.53 83.81 -2.28
18 83.77 84.09 -0.32
19 83.37 85.08 -1.71
20 84.66 83.89 0.77
21 86.15 86.51 -0.36
22 88.85 87.56 1.29
23 86.36 85.39 0.97
24 84.74 84.56 0.18
25 84.46 84.88 -0.42
26 83.95 84.50 -0.55
27 82.05 83.26 -1.21
28 84.04 82.94 1.10
29 86.34 84.84 1.50
30 86.34 86.37 -0.03
31 88.97 88.50 0.47
32 88.95 88.36 0.59
33 84.07 79.69 4.38

34 04.07 79.66 4.41
35 87.10 85.88 1.22

36 87.80 86.50 1.30
37 87.97 87.34 0.63
38 84.96 83.99 0.97
39 84.68 85.98 -1.30
40 84.88 85.42 -0.54
41 84.73 85.41 -0.68
42 87.10 87.99 -0.89
43 87.80 88.58 -0.78
44 81.33 85.69 -4.36
45 80.63 85.06 -4.43
46 84.72 85.93 -1.21
47 84.61 83.91 0.70
48 87.27 86.68 0.59
49 86.60 87.08 -0.48
50 86.68 86.98 -0.30
51 86.68 86.83 -0.15
52 06.68 87.15 -0.47

53 86.68 87.28 -0.60
54 83.21 84.70 -1.49
55 86.11 85.71 0.40
56 88.43 87.73 0.70
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For Yi: Residuals Associated Vith The Design Points

Design Point Mi's Response Postulated Hodel's Response Residual

57 88.11 87.58 0.53
58 88.41 87.17 1.24
59 88.41 87.54 0.87
60 88.41 88.04 0.37
61 88.41 88.01 0.40
62 86.11 85.90 0.21
63 84.31 84.93 -0.62
64 86.68 87.30 -0.62
65 86.45 88.28 -1.83
66 87.21 87.00 0.21
67 85.64 85.76 -0.12
68 87.60 87.37 0.23
69 86.45 86.68 -0.23
70 87.41 86.85 0.56
71 85.00 85.43 -0.43
72 87.41 87.32 0.09
73 85.70 86.14 -0.44
74 85.64 85.64 0.00
75 86.45 87.14 -0.69
76 86.45 85.99 0.46
77 86.79 85.63 1.16
78 85.70 85.38 0.32
79 86.84 86.70 0.14
80 86.79 86.21 0.58
81 84.96 85.07 -0.11
82 84.07 84.46 -0.39
83 83.83 84.14 -0.31
84 84.07 84.80 -0.73
85 89.10 87.96 1.14
86 89.07 88.60 0.47
87 86.68 86.58 0.10
88 82.80 83.97 -1.17
89 83.77 84.21 -0.44
90 84.46 84.72 -0.26
91 83.82 84.53 -0.71
92 86.46 86.77 -0.31
93 87.93 87.12 0.81
94 87.93 86.99 0.94
95 88.65 88.16 0.49

96 87.93 87.46 0.47
97 84.73 85.40 -0.67
98 82.77 83.84 -1.07
99 84.66 85.33 -0.67

100 84.96 85.37 -0.41

101 88.84 89.27 -0.43
102 88.61 88.26 0.35
103 88.72 87.39 1.33
104 84.73 85.05 -0.32
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For TI: Residuals Associated Vith The Design Points

Design Point MM's Response Postulated Model's Response Residual

105 83.77 63.74 0.03
106 83.89 84.90 -1.01
107 84.79 84.69 0.10
108 89.55 88.07 1.48
109 89.31 87.98 1.33
110 66.59 85.77 0.82
111 85.88 86.39 -0.51
112 88.59 88.93 -0.34
113 85.12 86.06 -0.94
114 87.60 87.06 0.54
115 85.85 86.08 -0.23
116 87.42 86.76 0.66
117 87.42 87.76 -0.34
125 87.41 86.52 0.89
119 86.18 86.24 -0.06
120 86.18 85.74 0.44

121 85.51 85.50 0.01
122 82.99 83.59 -0.60
123 86.25 85.51 0.74
124 86.34 86.55 -0.21
125 85.95 85.30 0.65
126 86.34 86.67 -0.33
127 87.12 88.19 -1.07
128 84.60 87.75 -0.15
129 85.0 84.94 0.13
130 84.66 84.74 -0.08
131 83.7 84.23 -0.46
132 84.55 84.81 -0.26
133 86.88 86.46 -0.08
134 87.53 87.07 0.46
135 86.59 86.04 0.55
136 84.66 84.6 -0.01
137 84.66 84.53 0.13
138 83.46 83.9 -0.51
139 84.33 84.48 -0.15
140 85.87 85.88 -0.01
141 85.8 85.94 -0.07
142 86.68 86.48 0.20
143 87.69 87.45 0.24
144 86.88 86.96 -0.08
145 86.50 86.31 0.19

146 85.98 85.38 0.60
147 84.93 85.05 -0.12
148 86.59 86.29 0.30
149 88.53 87.94 0.59
ISO 08.53 80.01 0.52
151 85.03 85.24 -0.21
152 85.21 85.20 0.01
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For Yl: Residlials Associated With The Design Points

Design Point ARK's Response Postulated Model's Response Residual

153 64.53 85.12 -0.59
154 84.53 85.05 -0.52
155 85.16 85.44 -0.28
156 85.16 85.43 -0.27
157 64.53 84.12 -0.19
158 84.53 64.83 -0.30
159 86.70 86.75 -0.05
160 86.70 86.38 0.32
161 84.12 85.10 -0.98
162 83.77 84.93 -1.16
163 63.89 84.21 -0.32
164 83.00 84.24 -1.24
165 83.63 84.17 -0.54
166 84.96 84.94 0.02
167 86.83 86.44 0.39
168 88.24 86.90 1.34
169 88.43 87.70 0.73
170 86.60 86.81 -0.21
171 87.76 85.87 1.89
172 86.60 85.51 1.09
173 86.60 85.43 1.17
174 87.26 86.21 1.05
175 81.94 83.75 -1.81
176 81.72 83.13 -1.41
177 85.23 86.73 -1.50
178 86.56 85.82 0.74
179 84.17 85.85 -1.68
180 86.52 85.91 0.61
181 86.49 86.92 -0.43
182 88.40 88.19 0.21
183 87.67 86.73 0.94
184 85.64 86.29 -0.65
185 86.79 86.19 0.60
186 85.64 86.02 -0.38
187 84.25 85.27 -1.02
188 85.26 85.26 0.00
149 86.68 85.92 0.76
190 86.68 86.54 0.14
191 88.39 87.20 1.19
192 87.25 86.77 0.48
193 86.45 86.45 0.00
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Regression Output for Dependent Variable: Y2

Model Sum of Error Sum of Total Sum of
Squares (SSR) Squares (SS3) Squares (SStO) R-Square

39535.10 181.91 39717.00 0.9954

Parameters Of Y2 Sorted In Ascending Order
By Their Sum Of Squares

Type I Sum Percent Suned Percent
Number Variable of Squares Of SS Of SSR

1 HICBM 9 POBC3 0.000 0.00 0.00
2 MICBM 2 POSTRIC4 0.000 0.00 0.00
3 NICBI4 * B-52PZN 0.000 0.00 0.00
4 POSC3 t 9-52P1M 0.000 0.00 0.00
5 POSC3 2 lBlllPBN 0.000 0.00 0.00
6 B-52PiN 9D111PBN 0.000 0.00 0.00
7 MII * POSTRIC4 0.000 0.00 0.00
8 B-52P1N t ATB 0.000 0.00 0.00
9 PRKEP 2 B-52CMC 0.000 0.00 0.00
10 POSTRIC4 * FB111PBN 0.000 0.00 0.00
11 FB111PBN • BIB 0.000 0.00 0.00
12 TRIDS * ATB 0.000 0.00 0.00
13 POSTRIC4 * B-52P3U 0.000 0.00 0.00
14 MiII 2 ATB 0.000 0.00 0.00
15 B-52CMC * ATB 0.000 0.00 0.00
16 MMIII * B-52CHC 0.000 0.00 0.00
17 FB111PIN 0.000 0.00 0.00
18 MMII ' PiOMPm 0.000 0.00 0.00
19 HMII * B-52CMC 0.000 0.00 0.00
20 B-52PBN * BIB 0.000 0.00 0.00
21 MMII * POSC3 0.000 0.00 0.00
22 POSTRIC4 0 TRID5 0.000 0.00 0.00
23 B-52PSN 0.000 0.00 0.00
24 MICBM t FI1IPEN 0.000 0.00 0.00
25 MMII * ATB 0.000 0.00 0.00
26 PKBP • B-52P1N 0.000 0.00 0.00
27 HICBM * ATB 0.000 0.00 0.00
28 MICBIM * BIB 0.000 0.00 0.00
29 MICBM ' B-52CHC 0.000 0.00 0.00
30 ?RIDS 2 B-52CMC 0.000 0.00 0.00
31 FIlB1PEM • ATE 0.000 0.00 0.00
32 MMIIl t FBI1IPRN 0.000 0.00 0.00
33 TRIDS 9 8-52PBN 0.000 0.00 0.00
34 POSC3 * TRIO5 0.000 0.00 0.00
35 TRID5 * FBIlIPZU 0.000 0.00 0.00
36 TRIOS * BIB 0.000 0.00 0.00
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Parameters Of Y2 Sorted in Ascending Order
By Their Soo Of Squares

Type I Sun Percent Summed Percent
Number Variable of Squares Of 881 Of 881

37 PK1W * POS8WIC4 0.000 0.00 0.00
36 POSTRIC4 * B-52CHC 0.000 0.00 0.00
39 B-52PZU * B-52CHC 0.000 0.00 0.00
40 "HIt t BIB 0.001 0.00 0.00
41 Mil! * 31B 0.001 0.00 0.00
42 I-52CHC * FBIIIPM 0.001 0.00 0.00
43 NHII * B-52P33 0.001 0.00 0.00
44 POSYRIC4 * a13 0.001 0.00 0.00
45 POSC3 * POSYRIC4 0.001 0.00 0.00
46 PKEIP * FBI1PU 0.001 0.00 0.00
47 POSTRIC4 0.001 0.00 0.00
48 POSC3 * B-52CHC 0.001 0.00 0.00
49 B-52C4C 2 BIB 0.002 0.00 0.00
50 M0ill * POSYRIC4 0.002 0.00 0.00
51 M III * B-52P3U 0.002 0.00 0.00
52 POSYRIC4 * ATS 0.002 0.00 0.00
53 NNII * PO8C3 0.001 0.00 0.00
54 POSC3 0.003 0.00 0.00
55 POSC3 2 B1I 0.003 0.00 0.00
56 B-52CHC 0.005 0.00 0.00
57 POSC3 • AT9 0.007 0.00 0.00
58 PK9P t POSC3 0.009 0.00 0.00
59 PKW ATB 0.011 0.00 0.00
60 PKIP * BIB 0.011 0.00 0.00
61 PK1W * "ICBM 3.010 0.01 0.01
62 PK8BP * PKRP 5.703 0.01 0.02
63 NNII * NICBN 6.150 0.02 0.04
64 0I41 * M!IlI 8.023 0.02 0.06
65 Mil * PK1P 14.765 0.04 0.10
66 NICBIM * TRIDS 21.$56 0.06 0.15
67 NICUM 23.900 0.06 0.21
68 1Mill • HICBM 33.034 0.08 0.29
69 NMK!1 * 1mill 47.537 0.12 0.41
70 NMII TRIDS 57.566 0.15 0.56
71 Mil * PK1UP 65.206 0.16 0.73
72 MII 73.681 0.19 0.91
73 POSYRIC4 • POSYRIC4 121.092 0.31 1.22
74 B-52P3U * 1-52PU 233.471 0.59 1.61
75 MMIII * TRID5 236.468 0.60 2.41
76 IB 9 ATB 252.016 0.64 3.04
77 BIB 9B13 316.929 0.81 3.85
76 MMII 9 1Mil 360.030 0.91 4.76
79 MMIII 382.867 0.97 5.73
so FOlIPU * FBII1PW 473.731 1.20 6.93
81 B-52CHC * D-52CHC 704.153 1.78 8.71
82 PK1W * TRIOS 724.956 1.83 10.54
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Parameters Of Y2 sorted in Ascending order
By Their Sum of Squares

Type I Sum Percent Summed Percent
Number Variable of Squares Of 553 Of SSR

83 POSC3 * POSC3 785.195 1.99 12.53
64 BIB 908.269 2.30 14.63
65 ATB * ATS 1053.074 2.66 17.49
86 MICUN * ICBM 1272.815 3.22 20.71
87 PK3P 3272.555 8.28 28.99
88 TRIOS 2 TRIDS 4475.646 11.32 40.31
69 ATB 7338.278 18.56 5$.87

*90 TRIDS 16261.032 41.13 100.00

For Y2: Residuals Associated With The Design Points

Design Point AIM's Response Postulated Model's Response Residual

1 88.60 84.63 3.97
2 61.21 63.13 -1.92
3 61.21 63.13 -1.92
4 88.69 84.64 4.05
5 88.60 88.83 -0.23
6 86.67 887 -0.20
7 88.60 87.90 0.62
8 86.60 66.57 2.03
9 61.21 59.71 1.50

10 61.21 59.72 1.49
11 88.65 86.60 2.05
12 88.60 67.95 0.65
13 42.99 45.69 -2.70
14 42.99 45.74 -2.75
15 48.64 51.99 -3.35
16 48.64 51.94 -3.30
17 89.41 89.20 0.21
16 89.43 89.19 0.24
19 69.43 69.21 0.22
20 89.53 89.23 0.30
21 77.89 76.95 -1.06
22 77.89 78.94 -1.05
23 69.77 70.02 -0.25
24 69.43 88.35 1.06
25 89.40 86.37 1.03
26 89.43 88.35 1.06
27 89.36 88.34 1.02
28 69.77 69.98 -0.21
29 69.77 70.00 -0.23
30 69.77 70.04 -0.27
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For Y2: Residuals Associated Vith The Design Points

Design Point ASN's Response Postulated Model's Response Residual

31 77.69 78.94 -1.05
32 77.89 78.94 -1.05
33 89.22 89.80 -0.58
34 89.22 89.82 -0.60
35 75.78 73.73 2.05
36 75.78 73.73 2.05
37 69.83 69.29 0.54
38 89.68 90.04 -0.36
39 88.03 90.07 -2.04
40 87.57 88.09 -0.52
41 87.57 88.11 -0.54
42 45.44 45.10 0.34
43 45.44 45.09 0.35
44 42.99 42.39 0.60
45 42.99 42.41 0.58
46 88.03 90.10 -2.07
47 89.74 90.07 -0.33
48 69.83 69.31 0.52
49 86.53 89.22 -0.69
50 88.53 89.21 -0.68
51 88.53 89.22 -0.69
52 88.53 89.22 -0.69
53 88.53 89.21 -0.68
54 88.53 89.21 -0.68
55 88.67 87.98 0.69
56 88.67 87.99 0.68
57 88.67 88.00 0.67
58 88.67 88.00 0.67
59 88.67 88.00 0.67
60 88.67 87.98 0.69
61 88.67 87.98 0.69
62 88.F 87.98 0.69
63 88.53 89.20 -0.67
64 88.53 89.20 -0.67
65 89.14 89.04 0.10
66 81.41 81.53 -0,12
67 81.42 81.51 -0.09
68 89.17 89.05 0.12
69 89.17 89.06 0.11
70 89.14 89.02 0.12
71 89.05 89.00 0.05
72 89.14 89.04 0.10
73 81.40 81.50 -0.10

74 81.42 81.50 -0.08
75 89.18 89.09 0.09
76 89.17 89.06 0.11
77 81.42 81.50 -0.08
78 81.40 81.48 -0.08
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For Y2: Residuals Associated vith The Design Points

Desiqn Point AiW's Response Postulated model's Response Residual

79 81.41 81.54 -0.13
80 81.42 81.53 -0.11
$1 89.46 89.95 -0.49
82 68.03 68.52 -0.49
83 67.97 68.50 -0.53
84 89.46 89.94 -0.48
85 58.59 58.07 0.52
86 58.56 58.05 0.51
87 58.56 58.03 0.53
86 89.41 89.92 -0.51
89 68.01 68.53 -0.52
90 68.01 68.51 -0.50
91 89.41 89.92 -0.51
92 58.54 58.05 0.49
93 37.13 36.64 0.49
94 37.13 36.64 0.49
95 37.13 36.63 0.50
96 37.13 36.63 0.50
97 89.01 88.86 0.15
96 81.29 81.35 -0.06
99 81.34 81.37 -0.03
100 69.06 88.89 0.17
101 61.62 59.69 1.93
102 61.61 59.68 1.93
103 53.62 54.88 -1.26
104 89.01 89.42 -0.41
105 81.24 81.89 -0.65
106 81.24 81.88 -0.64
107 89.01 89.42 -0.41
108 53.64 54.86 -1.22
109 45.87 47.30 -1.43

110 45.87 47.33 -1.46
111 53.85 52.15 1.70
112 53.85 52.15 1.70
113 89.58 90.06 -0.48
114 68.14 68.64 -0.50
115 66.14 68.65 -0.51
116 69.57 90.06 -0.49
117 69.58 90.06 -0.48
118 09.54 90.03 -0.49
119 85.66 85.16 0.50
120 85.66 85.15 0.51
121 64.21 63.73 0.48
122 64.24 63.74 0.50
123 85.66 85.15 0.51
124 85.68 85.18 0.50
125 64.24 63.77 0.47
126 64.24 63.74 0.50
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For Y2: Residuals Associated with The Design Points

Design Point AIH's Response Postulated Model's Response Residual

127 66.10 68.61 -0.51
128 66.14 66.65 -0.51
129 69.40 69.94 -0.54
130 89.40 89.94 -0.54
131 09.40 89.95 -0.55
132 89.40 69.97 -0.57
133 77.69 77.57 0.32
134 77.85 77.55 0.30
135 74.02 73.46 0.54
136 89.40 89.72 -0.32
137 89.40 89.71 -0.31
138 89.41 69.72 -0.31
139 69.43 69.75 -0.32
140 74.06 73.51 0.55
141 74.06 73.51 0.55
142 74.06 73.50 0.56
143 77.69 77.56 0.31
144 77.90 77.58 0.32
145 88.91 86.73 0.18
146 81.18 61.20 -0.02
147 81.14 81.16 -0.04
148 88.91 88.71 0.20
149 89.37 90.36 -0.99
150 89.40 90.37 -0.97
151 82.63 62.60 0.03
152 87.93 66.71 1.22
153 60.14 79.16 0.98
154 80.14 79.16 0.98
155 67.91 86.72 1.19
156 82.65 82.62 0.03
157 74.86 75.06 -0.20
158 74.86 75.07 -0.19
159 81.64 82.65 -1.21
160 61.64 82.84 -1.20
161 89.40 90.42 -1.02
162 76.13 77.04 -0.91
163 61.41 61.64 -0.23
164 90.62 90.90 -0.28

*165 90.65 90.86 -0.21
166 89.35 90.42 -1.07
167 76.60 76.27 0.33
168 76.60 76.18 0.42
169 62.94 62.69 0.25
170 48.22 47.19 1.03
171 77.44 76.55 0.89
172 77.42 76.61 0.11
173 48.22 47.16 1.06
174 62.94 62.70 0.24
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For Y2: Residuals Associated with The Design Points

Design Point AI3Ws Response Postulated Model's Response Residual

175 76.16 76.96 -0.80
176 61.00 61.52 -0.52
177 89.31 90.01 -0.70
176 67.91 68.59 -0.68
179 67.91 60.60 -0.69
180 89.31 69.99 -0.60
161 89.77 90.01 -0.24
162 09.61 90.03 -0.22
183 87.32 86.65 0.67
164 69.35 69.11 0.24
165 67.91 67.66 0.23
166 67.91 67.66 0.23
167 69.31 69.06 0.23
16$ 67.32 66.63 0.69
169 65.90 65.22 0.66
190 65.90 65.21 0.69
191 66.37 66.60 -0.23
192 66.37 66.61 -0.24
193 66.76 66.76 0.00
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Regression Output for Dependent Variable: Y3

Model Sum of Error Sum of Total Sum of
Squares (SSR) Squares (881) Squares (SSTO) R-Square

1243.54 172.89 1416.43 0.8779

Parameters Of Y3 Sorted In Ascending Order
By Their Sum Of Squares

Type I Sum Percent Sumd Percent
Number Variable of Squares Of SSR Of $SR

1 POSTRIC4 2 FBIliPEN 0.003 0.00 0.00
2 HICBM * POSTRIC4 0.004 0.00 0.00
3 MMII • PK3UP 0.006 0.00 0.00
4 B-52CHC • FrBIIIPE 0.010 0.00 0.00
5 MMII * FBlllPU 0.025 0.00 0.00
6 wMIII * MIII 0.028 0.00 0.01
7 ICBM * TRID5 0.029 0.00 0.01
8 8-52CHqC * D-52CHC 0.044 0.00 0.01
9 MMII * POSC3 0.046 0.00 0.02
10 MMII * D-52CHC 0.052 0.00 0.02
11 MMIII * POSC3 0.065 0.01 0.02
12 PK1P * BIB 0.066 0.01 0.03
13 POSC3 ' TRID5 0.122 0.01 0.04
14 MMIlI • B-52PUU 0.123 0.01 0.05
15 POSC3 * ATB 0.128 0.01 0.06
16 POSTRIC4 2 TRID5 0.146 0.01 0.07
17 MMIII * FBIIiPBD 0.164 0.01 0.09
s18 It • BIB 0.205 0.02 0.10

19 Mil 2 B-52PU 0.263 0.02 0.12
20 FiliPa 0.312 0.03 0.15
21 ICDBN 2 B-52CNC 0.314 0.03 0.17
22 TRIDS 2 D-52PZN 0.328 0.03 0.20
23 WII * LTB 0.336 0.03 0.23
24 Ole * BIB 0.342 0.03 0.25
25 B-52PEN * BIB 0.345 0.03 0.28
26 B-52PSN * AB 0.360 0.03 0.31
27 PKMi * HICBM 0.416 0.03 0.34
28 PKUIP * FiliPED 0.473 0.04 0.38
29 PK1P * POSC3 0.574 0.05 0.43
30 MMII * tID5 0.575 0.05 0.47
31 POSTRIC4 9 1I9 0.605 0.05 0.52
32 POSITIC4 0*-52CNC 0.605 0.05 0.57
33 FBIIIPlD A LTB 0.620 0.05 0.62
34 MMiI ' POSTRIC4 0.664 0.05 0.68
35 MMII ' HICBM 0.664 0.05 0.73
36 TRIDS t BIB 0.710 0.06 0.79
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Parameters Of Y3 Sorted in Ascending Order
By Their Sun Of Squares

Type I SuN Percent Summed Percent
Number Variable of Squares Of SSR Of SSR

37 POSC3 2 FBI11PEN 0.718 0.06 0.84
38 TRIDS 2 FBUIPBN 0.770 0.06 0.91
39 HICBN 2 POSC3 0.815 0.07 0.97
40 POSC3 • B-52P3U 0.842 0.07 1.04
41 POSYRIC4 * ATB 0.894 0.07 1.11
42 POSC3 * n1n 0.925 0.07 1.18
43 HICBM 0.958 0.08 1.26
44 MII * MIII 0.980 0.08 1.34
45 B-52PKN * FBII1PEN 1.097 0.09 1.43
46 0-52CMC 1.216 0.10 1.53
47 HICBN 9 B-52PEN 1.216 0.10 1.62
48 POSYRIC4 * 9-52PEN 1.254 0.10 1.73
49 HICBM 2 FBIlPIN 1.415 0.11 1.84
50 "HllI * POSTRIC4 1.452 0.12 1.96
51 MII * ATB 1.563 0.13 2.08
52 B-52Pii * B-52CHC 1.690 0.14 2.22
53 MIII I HICBM 1.703 0.14 2.35
54 FIIPO * BIB 2.250 0.18 2.54
55 TRID5 * AT9 2.379 0.19 2.73
56 "ICBM * BIB 2.496 0.20 2.93
57 MMII 2.592 0.21 3.14
58 PKIIP * ATB 3.106 0.25 3.39
59 B-52P1N * B-52PBN 3.341 0.27 3.65
60 POSC3 * POSTRIC4 3.450 0.28 3.93
61 FBII1PRN * FBIlPKN 4.960 0.40 4.33

62 MMIT ' MII 5.118 0.41 4.74
63 BIB 9 ATB 5.534 0.45 5.19
64 POSC3 5.814 0.47 5.65
65 POSC3 9 9-52CNC 5.917 0.48 6.13
66 PK9IP * PK33P 6.599 0.53 6.66
67 HICBM * ATB 7.480 0.60 7.26
68 PK9IP * B-S2PZN 7.535 0.61 7.87
69 Mill 2 BIB 8.556 0.69 8.56
70 PKU3P * POSYRIC4 8.940 0.72 9.28
71 MIlII * TRIDS 9.030 0.73 10.00
72 ATB 2 ATS 11.209 0.90 10.90
73 ATB 11.972 0.96 11.87
74 B-52PBN 13.377 1.08 12.94
75 PKIIP * B-52CHC 13.794 1.11 14.05
76 MIII 2 0-52CiC 15.602 1.25 15.31
77 POSTRIC4 ' POSTRIC4 16.403 1.32 16.62
78 B-52CHC * AYB 17.935 1.44 18.07
79 PKEP 2 TRID5 20.070 1.61 19.68
80 NICBM * NICBM 30.349 2.44 22.12
81 MIII t PKWP 33.178 2.67 24.79
82 POSC3 * POSC3 33.447 2.69 27.48
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Parameters of Y3 Sorted In Ascending Order
By Their Sum Of Squares

Type I Sum Percent Suoed Percent
Number Variable of Squares Of SSR Of SSR

83 HHIII 34.810 2.80 30.28
84 POSIRIC4 37.119 2.98 33.26
85 B-52CHC * BIB 41.441 3.33 36.60
86 BIB 50.321 4.05 40.64
87 TRID5 * B-52CHC 51.051 4.11 44.75
88 TRIDS * TRIDS 95.946 7.72 52.46
89 PKi3P 130.074 10.46 62.92
90 TRIDS 461.068 37.08 100.00

For Y3: Residuals Associated Vith The Design Points

Design Point AIM's Response Postulated Model's Response Residual

1 81.69 82.87 -1.18
2 76.16 75.91 0.25
3 74.65 74.90 -0.25
4 81.88 82.21 -0.33
5 80.28 79.86 0.42
6 80.24 80.26 -0.02
7 79.13 78.99 0.14
8 82.33 82.59 -0.26
9 75.54 76.16 -0.62
10 75.50 75.37 0.13
11 82.33 82.14 0.19
12 78.75 78.80 -0.05
13 76.01 75.03 0.98
14 76.01 75.57 0.44
15 76.01 76.31 -0.30

16 76.01 75.55 0.46
17 85.71 84.20 1.51
is 81.43 81.23 0.20
19 78.52 78.17 0.35
20 80.19 80.02 0.17
21 74.77 74.41 0.36
22 75.92 75.60 0.32
23 75.74 76.28 -0.54
24 78.77 79.12 -0.35
25 76.43 76.40 0.03
26 74.41 74.54 -0.13
27 76.03 76.14 -0.11
28 75.70 76.29 -0.59
29 76.32 77.44 -1.12
30 76.32 76.30 0.02
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For Y3: Residuals Associated vith The Design Points

Design Point AM's Response Postulated Model's Response Residual

31 75.30 75.38 -0.08
32 75.26 75.31 -0.05
33 83.41 86.22 -2.81
34 83.29 81.89 1.40
35 78.96 77.94 1.02
36 73.84 75.13 -1.29
37 73.84 75.40 -1.56
38 86.04 86.67 -0.63
39 79.56 79.94 -0.38
40 80.73 80.14 0.59
41 78.11 78.44 -0.33
42 78.96 78.97 -0.01
43 73.84 73.53 0.31
44 73.65 73.15 0.50
45 78.96 76.04 0.92
46 78.33 77.68 0.65
47 82.10 81.78 0.32
48 78.96 77.66 1.30
49 77.85 78.06 -0.21
50 75.20 76.55 -1.35
51 75.68 75.15 0.53
52 74.57 75.61 -1.04
53 74.53 74.59 -0.06
54 74.35 76.12 -1.77
55 75.13 75.36 -0.23
56 75.18 76.39 -1.21
57 76.31 75.72 0.59
58 76.89 75.42 1.47
59 75.75 75.04 0.71
60 75.75 74.93 0.82
61 76.89 76.16 0.73
62 76.27 75.54 0.73
63 75.06 75.46 -0.40
64 75.66 74.98 0.68
65 81.05 80.90 0.15
66 73.74 75.18 -1.44
67 78.23 77.07 1.16
68 76.73 76.35 0.38
69 76.73 75.76 0.97
70 81.92 79.53 2.39
71 73.61 76.44 -2.83
72 80.17 79.67 0.50
73 73.47 74.63 -1.16
74 78.23 78.95 -0.72
75 76.73 77.55 -0.82
76 76.73 75.10 1.63
77 76.94 77.28 -0.34
78 73.47 72.18 1.29
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For Y3: Residuals Associated Vith The Design Points

Design Point ASK's Response Postulated Hodel's Response Residual

79 73.74 74.59 -0.85
80 76.94 77.25 -0.31
81 81.88 83.37 -1.49
82 04.88 82.55 2.33
83 84.65 82.39 2.26
84 81.11 82.43 -1.32
85 77.88 78.08 -0.20
86 77.87 78.14 -0.27
87 74.94 76.51 -1.57
88 81.66 81.35 0.31
89 81.01 81.20 -0.19
90 80.57 80.98 -0.41
91 81.33 80.35 0.98
92 74.44 76.36 -1.94
93 76.58 75.48 1.10
94 75.44 74.81 0.63
95 75.49 75.78 -0.29
96 76.58 76.50 0.08
97 82.63 83.73 -1.10
98 83.20 81.47 1.73
99 80.02 80.88 -0.86
100 82.62 62.56 0.06

77.94. 62 01.64
101 74.98 76.21 -1.23
102 78.60 77.96 0.64
103 78.60 77.80 0.80

r. 104 82.15 83.03 -0.88
105 81.40 80.32 1.08

106 79.66 80.24 -0.58
107 82.75 82.37 0.38
108 74.98 76.56 -1.58
109 76.32 75.27 1.05
110 76.01 75.93 0.08
111 76.01 76.54 -0.53
112 76.32 75.30 0.94
113 83.05 82.17 0.88
114 79.79 78.59 1.20
115 76.62 78.36 -1.74
116 77.01 77.70 -0.69
117 76.90 77.01 -0.11
118 79.87 80.18 -0.31
119 78.81 76.56 2.25
120 79.41 78.30 1.11
121 76.51 75.31 1.20
122 78.83 79.03 -0.20
123 77.29 77.79 -0.50
124 75.06 77.35 -2.29
125 78.81 79.19 -0.38
126 73.77 74.17 -0.40
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For Y3: Residuals Associated Vith The Design Points

Design Point ASM's Response Postulated Model's Response Residual

127 78.79 77.21 1.58
128 76.66 78.27 -1.61
129 80.82 79.56 1.26
130 79.60 79.79 -0.19
131 78.14 78.92 -0.78
132 78.10 78.59 -0.49
133 78.27 77.35 0.92
134 75.87 75.70 0.17
135 75.15 75.53 -0.38
136 79.80 79.31 0.49
137 79.84 79.39 0.45
138 76.74 78.28 -1.54
139 78.17 78.11 0.06
140 78.30 76.95 1.35
141 76.55 76.44 0.11
142 74.03 74.92 -0.09
143 74.03 75.25 -1.22
144 77.66 77.00 0.66
145 79.05 79.97 -0.92
146 78.36 76.77 1.59
147 77.24 77.17 0.07
148 78.99 78.86 0.13
149 79.37 79.18 0.19
150 79.22 79.44 -0.22
151 77.14 77.36 -0.22
152 77.15 76.58 0.57
153 75.75 76.31 -0.56
154 76.89 76.30 0.59
155 75.25 75.07 0.18
156 75.25 76.69 -1.44
157 76.89 76.34 0.55
158 75.75 75.51 0.24
159 74.34 74.67 -0.33
160 75.48 75.90 -0.42
161 81.59 82.28 -0.69
162 79.78 79.54 0.24
163 78.52 78.47 0.05
164 79.72 78.86 0.86
165 78.85 78.40 0.45
166 81.62 81.14 0.48
167 78.53 77.65 0.88
168 78.96 78.04 0.92
169 76.05 77.06 -1.01
170 76.32 76.25 0.07
171 74.05 74.88 -0.83
172 74.00 75.17 -1.17
173 76.32 76.19 0.13
174 76.01 76.31 -0.30
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For Y3: Residuals Associated Vith The Design Points

Design Point ARN's Response Postulated Model's Response Residual

175 79.79 78.03 1.76

176 75.80 77.65 -1.65
177 81.10 79.76 1.34

178 76.61 76.57 0.24

179 74.55 74.94 -0.39
180 78.30 77.46 0.84
181 75.62 75.47 0.15

182 77.99 77.71 0.28
183 77.70 76.68 1.02
184 78.35 77.92 0.43
165 75.38 75.97 -0.59
186 75.33 75.16 0.17

187 77.50 76.44 1.06

186 74.39 75.26 -0.87
189 76.01 76.72 -0.71

190 76.01 77.47 -1.46

191 75.74 77.25 -1.51

192 75.70 75.69 0.01

193 75.51 75.51 0.00
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Regression output for Dependent Variable: Y4

Model Sum of Brror SuN of Total SuN of
Squares (SSR) Squares (883) Squares (STO) R-Square

31638.00 2058.35 33696.35 0.9389

Parameters Of Y4 Sorted In Ascending Order
By Their Sum Of Squares

Type I Sun Percent Sunmed Percent
Number Variable of Squares Of SSR Of SSR

1 l0MKI * B-52CKC 0.000 0.00 0.00
2 04II * FB111PRN 0.000 0.00 0.00
3 11411 * BIB 0.004 0.00 0.00
4 KICBN * B-52CNC 0.098 0.00 0.00
5 PKilP * MICBM 0.117 0.00 0.00
6 MMII * B-52PBN 0.194 0.00 0.00
7 HICBM * BIB 0.483 0.00 0.00
8 POSTRIC4 * FBI11PRI 0.753 0.00 0.01
9 MMII • PK3KP 1.118 0.00 0.01
10 NMI t YRIDS 1.288 0.00 0.01
11 Mull * HICB 2.095 0.01 0.02
12 B-52CC * FBII1PU 2.3?9 0.01 0.03
13 BIB * ATB 2.890 0.01 0.04
14 MMIII * PB11lPBN 3.349 0.01 0.05
15 POSTRIC4 • POSTRIC4 3.582 0.01 0.06
16 MMII ' POSC3 3.822 0.01 0.07
17 MICBM • TRID5 4.633 0.01 0.08
16 B-52P3N F BI1IPRN 4.917 0.02 0.10
19 FBII1PIN ATB 7.715 0.02 0.12
20 MICDH • FeIIlPI 8.1.71 0.03 0.15
21 04Il ' POSTRIC4 8.512 0.03 0.18
22 PKIP FIIIPU 10.224 0.03 0.21
23 TRIDS ' Fi9llPIM 13.123 0.04 0.25
24 MKIII 2 ?RIDS 13.579 0.04 0.29
25 MII M Mill 14.251 0.05 0.34
26 H[CBD * POSRIC4 14.313 0.05 0.30
27 MNIII H HICBM 15.286 0.05 0 43
28 MIII ' IKIP 15.701 0.05 6.4$
29 HMII ' AID 19.250 0.06 0.54
30 MICBM * B-52PU 19.760 0.06 0 61
31 MMIII ' POSC3 19.803 0.06 0.67
32 POSC3 * FBIIIPUN 21.045 0.07 0 74
33 FB111PW * DI3 22.326 0.07 0.1
34 Mill • PO8YRIC4 24.626 0.06 0.18
35 PKEP • PKI3P 25.120 6.06 0.96
36 PO$C3 * A"l 30.195 0.10 1. 04
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Parameters Of Y4 Sorted in Ascending order
By Their Sum Of Squares

Type I Sun Percent Summed Percent
Number Variable of Squares Of SS8 Of S5

37 B-52P3N * 313 30.305 0.10 1.15
38 lMIIl * -52Pu 33.252 0.11 1.26
39 HICBM * ATB 42.023 0.13 1.39
40 M1III 2 MIII 44.002 0.14 1.53
41 B-52PKN * AYB 46.547 0.15 1.60
42 PKI3P 2 BIB 46.717 0.15 1.83
43 B-52P3U * B-52CMC 47.231 0.15 1.98
44 HICBM * PO8C3 47.990 0.15 2.13
45 PKKP ' TRID5 50.304 0.16 2.29
46 POSYRIC4 * B13 54.575 0.17 2.46
47 POSC3 ' POSTRIC4 54.871 0.17 2.63
48 POSYRIC4 B O-52PSN 55.094 0.17 2.01
49 MMII 59.367 0.19 2.99
50 POSC3 S liB 61.466 0.19 3.19
51 PKK3P • 3-52P3U 72.293 0.23 3.42
52 POSYRIC4 B B-52CNC 79.255 0.25 3.67
53 MiII • AYb 81.857 0.26 3.93
54 TRID5 B B-52PSU 81.993 0.26 4.18
55 POSYRIC4 * TRID5 85.701 0.27 4.46
56 8-52PO 2 3-52P3N 99.317 0.31 4.77
57 POSC3 * 1-52PRN 107.381 0.34 5.11
58 11III 2 0-52CMC 112.307 0.35 5.46
59 TRID5 * ATS 113.796 0.36 5.82
60 PKKiP • ATB 116.532 0.37 6.19
61 PKlP * POSC3 128.142 0.41 6.60
62 PKI3P * POSTRIC4 128.312 0.41 7.00
63 BIB • 31B 130.637 0.41 7.42
64 MICBM 2 MICBM 131.454 0.42 7.83
65 POSC3 * B-52CHC 131.733 0.42 8.25
66 FBi1PU * PBIIPSN 134.232 0.42 8.67
67 MII MmIl 152.067 0.48 9.15
68 B-52CHC • ATS 182.048 0.58 9.73
69 TRID5 2 3IB 195.720 0.62 10.35
70 POSC3 2 YRIDS 201.498 0.64 10.98
71 FIl1PEN 208.117 0.66 11.64
72 PO YtIC4 * ATy 219.661 0.69 12.34
73 B-52C4C 2 BIB 224.925 0.71 13.05
74 MMIll * 31B 226.051 0.71 13.76
75 ATB * ATB 254.790 0.81 14.57
76 PKMCP * B-52CiC 278.362 0.88 15.45
77 POSC3 9 POSC3 279.640 0.88 16.33
78 MICBM 327.565 1.04 17.37
79 B-52CMC * 9-52CMC 499.011 1.58 18.94
80 TRIDS * tIDS 527.313 1.67 20.61
81 TRID5 2 B-52CHC 725.090 2.29 22.90
82 MMIII 1235.347 3.90 26.81
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Paramters Of Y4 Sorted In Ascending order
By Their Sum Of Squares

Type I Sun Percent Summed Percent
Number Variable of Squares Of SSR Of SSR

03 B-52PSN 1362.440 4.31 31.11
84 BIB 1792.358 5.67 36.78
85 ATB 1959.722 6.19 42.97
86 PK39P 2199.727 6.95 49.92
87 POSTRIC4 2581.148 8.16 58.08
88 B-52CHC 3720.085 11.76 69.84
89 POSC3 3830.991 12.11 81.95
90 TRIDS 5710.825 18.05 100.00

For Y4: Residuals Associated Vith The Design Points

Design Point ARM's Response Postulated Model's Response Residual

1 86.93 88.47 -1.54
2 75.93 78.92 -2.99
3 63.67 59.55 4.12
4 79.82 83.30 -3.48
5 74.79 72.24 2.55
6 82.21 81.86 0.35
7 80.78 83.20 -2.42

8 85.08 86.04 -0.96
9 73.55 75.68 -2.13
10 52.32 54.36 -2.04
11 78.28 78.91 -0.63
12 74.20 71.63 2.57
13 45.35 43.39 1.96
14 70.95 69.17 1.78
15 70.95 68.63 2.32
16 45.35 44.81 0.54
17 80.67 79.30 1.37
18 79.06 80.07 -1.01
19 73.72 -71.81 1.91
20 76.14 78.46 -2.32
21 67.77 67.30 0.47
22 76.82 79.47 -2.65
23 73.78 73.22 0.56
24 77.49 77.01 0.48
25 74.97 73.71 1.26
26 60.66 60.48 0.18
27 72.44 71.21 1.23
28 55.37 56.09 -0.72
29 37.22 36.86 0.36
30 61.26 61.42 -0.16
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For Y4: Residuals Associated with The Design Points

Design Point AZH's Response Postulated Model's Response Residual

31 72.98 71.74 1.24
32 49.94 52.15 -2.21
33 66.59 66.51 0.08
34 82.31 90.47 -6.16
35 42.13 53.49 -11.36
36 72.53 76.46 -3.93
37 72.53 72.66 -0.15
36 83.00 60.58 2.42
39 77.43 71.38 6.05
40 76.77 16.97 1.60
41 75.37 69.13 6.24
42 42.13 39.24 2.89
43 12.53 74.01 -1.48
44 72.64 70.57 2.07
45 42.13 36.12 6.01
46 73.09 63.85 9.24
47 81.02 64.85 -3.63
46 42.13 50.03 -7.90
49 76.60 70.78 6.10
50 76.69 71.56 5.31
51 72.27 68.65 3.62
52 74.71 70.06 4.65
53 54.66 55.17 -0.49
54 71.84 66.24 5.60
55 58.45 61.49 -3.04
56 75.00 72.95 2.05
57 72.64 71.74 0.90
58 58.18 64.36 -6.18
59 66.02 67.79 -1.77
60 40.24 45.96 -5.72
61 32.26 37.94 -5.66
62 50.46 55.69 -5.23
63 64.61 62.46 2.35
64 46.70 49.17 -2.47
65 60.67 75.18 5.69
66 79.57 78.56 1.01
67 67.73 66.00 1.73
68 77.71 77.62 0.09
69 67.69 67.86 -0.17
70 72.91 74.32 -1.41
71 67.03 63.66 3.37
72 73.93 71.92 2.01
73 72.64 69.75 2.89
74 42.03 45.72 -3.69
75 65.92 62.88 3.04
76 41.99 45.72 -3.73
77 16.19 21.17 -2.96
78 48.91 54.11 -5.20
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For Y4: Residuals Associated Vith The Design Points

Design Point ARM's Response Postulated Model's Response Residual

79 72.38 70.32 2.06
80 44.13 48.86 -4.73
81 88.04 87.76 0.28
82 81.88 88.65 -6.77
83 80.92 85.90 -4.98
84 87.55 87.78 -0.23
85 76.32 77.04 -0.72
86 77.77 80.64 -2.87
87 72.64 68.98 3.66
0s 82.55 85.36 -2.81
89 77.59 75.77 1.82
90 76.35 72.16 4.19
91 81.27 84.52 -3.25
92 70.20 64.52 5.68
93 42.30 41.49 0.81
94 50.29 48.73 1.56
95 72.79 70.87 1.92
96 66.21 64.49 1.72
97 84.82 83.85 0.97
98 60.70 83.05 -2.35
99 78.45 75.81 2.64
100 81.38 82.12 -0.74
101 67.60 66.10 1.50
102 73.15 76.88 -3.73
103 72.95 74.81 -1.86
104 83.36 82.58 0.78
105 79.71 81.71 -2.00
106 76.99 74.04 2.95
107 79.63 80.41 -0.78
108 66.43 63.58 2.85
109 43.03 43.22 -0.19
110 61.19 59.95 1.24
111 62.37 62.09 0.28
112 44.24 45.80 -1.56
113 80.07 70.25 1.82
114 75.88 81.86 -5.98
115 72.94 66.60 4.34
116 78.28 78.48 -0.20
117 74.46 71.27 3.19
110 77.73 77.91 -0.18
119 73.56 76.90 -3.34
120 77.05 81.32 -4.27
121 72.95 75.89 -2.94
122 51.21 52.03 -0.82
123 73.20 70.96 2.24
124 65.39 59.67 5.72
125 33.09 33.92 -0.83
126 64.59 64.65 -0.06
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For Y4: Residuals Associated Vith The Design Points

Design Point ARH's Response Postulated Hodel's Response Residual

127 72.71 74.70 -1.99
128 57.84 54.57 3.27
129 78.28 79.06 -0.78
130 77.75 77.81 -0.06
131 73.83 67.69 6.14
132 75.02 70.48 4.54
133 48.09 53.92 -5.83
134 72.56 74.30 -1.74
135 72.55 72.89 -0.34
136 77.02 76.59 0.43
137 75.59 75.36 0.23
138 72.59 65.24 7.35
139 72.97 68.02 4.95
140 46.79 52.52 -5.73
141 41.72 46.55 -4.83
142 69.53 68.47 1.06
143 70.70 69.86 0.84
144 41.72 47.94 -6.22
145 77.68 76.16 1.52
146 73.08 75.80 -2.72
147 72.59 71.76 0.83
148 76.30 76.84 -0.54
149 73.04 69.70 3.34
150 74.51 71.04 3.47
151 72.63 72.64 -0.01
152 72.55 73.85 -1.30
153 56.10 58.46 -2.36
154 48.12 52.58 -4.46
155 71.36 72.70 -1.34
156 71.36 69.47 1.89
157 48.12 48.65 -0.53
158 56.10 56.55 -0.45
159 72.15 69.98 2.17
160 64.39 63.92 0.47
161 86.16 86.19 -0.03
162 80.30 82.41 -2.11
163 77.87 78.87 -1.00
164 80.86 80.94 -0.08
165 73.93 71.10 2.83
166 79.18 81.89 -2.71
167 73.71 73.32 0.39
168 80.36 88.94 -8.58
169 73.32 74.37 -1.05
170 64.92 63.99 0.93
171 75.40 76.86 -1.46
172 58.42 55.70 2.72
173 39.14 37.34 1.80
174 51.56 53.26 -1.70
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For Y4: Residuals Associated Vith The Design Points

Design Point AIM's Response Postulated Model's Response Residual

175 73.47 72.62 0.85
176 72.72 63.54 9.18
177 79.48 78.21 1.27
178 75.90 77.82 -1.92
179 66.17 63.23 2.94
180 73.73 74.10 -0.37
161 72.55 70.20 2.35
182 78.06 78.10 -0.04
183 77.18 80.55 -3.37
164 78.92 79.21 -0.29
185 74.07 74.43 -0.36
186 54.98 56.93 -1.95
187 72.47 72.19 0.28
186 72.08 69.73 2.35
189 46.29 47.99 -1.70
190 70.09 69.29 0.80
191 72.93 71.22 1.71
192 51.15 52.85 -1.70
193 64.99 64.99 0.00

2

1

1

I

• 245

" :. ., . , .:.:,. ... ,,. . - .. ....... *-.-,.-.-,-.... .-.,,



Regression Output for Dependent variable: Y5

Model Sum of Error Sum of Total Sum of
Squares (881) Squares (881) Squares (SSYO) R-Square

10766.68 267.84 11054.52 0.9756

Parameters Of Y5 Sorted In Ascending Order
By their Sum Of Squares

Type I Sim Percent Summed Percent
Number Variable of Squares Of SS Of SS

I 1 ICBi4 Q B-52CHC 0.000 0.00 0.00

2 Ail * FBIIP N 0.001 0.00 0.00
3 Mi~l 2 B-52CC 0.004 0.00 0.00
4 PKOP * HICB3 0.008 0.00 0.00
5 MilII t B-52PEN 0.012 0.00 0.00
6 Nil t BIB 0.014 0.00 0.00
7 Mill 2 FICB1 0.022 0.00 0.00
8 POSRIC4 * FBIIPPN t 0.076 0.00 0.00
9 25II Ill 0.160 0.00 0.00
10 14141 • PIKX3P 0.207 0.00 0.0

11 A1B ATB 0.266 0.00 0.01
12 ilI t ICBM 0.278 0.00 0.01

13 HICBM TRID5 0.302 0.00 0.01
14 POStlIC4 ft POSTRIC4 0.332 0.00 0.02
15 B-52CHC 2 FBIIIPU ~ 0.456 0.00 0.02
16 FBI11POM * F8111PUM 0.461 0.00 0.02
17 B-52PRU 2 FB111PRN 0.494 0.00 0.03
is HICBI4 * BIB 0.515 0.00 0.03

19 MlI f, POSC3 0.697 0.01 0.04
20 MMI[I t MUM 0.710 0.01 0.05
21 BIB • BIB 0.770 0.01 0.05
22 HICBM a MBUM~r 0.852 0.01 0.06
23 FB111PUI • ATB 0.980 0.01 0.07
24 M4il * PO8TRIC4 1.108 0.01 0.08
25 B-52PZNl • B-52PZlY 1.185 0.01 0.09
26 "5I DS • FBlIIIPM 1.850 0.02 0.11
27 IPIKIIP • FBIIlPw 2.103 0.02 0.13
28 Mil1 * ATe 2.110 0.02 0.15
29 HICBM • HICBM 2.410 0.02 0.17
30 HICBM 2 B-52PO 2.601 0.02 0.20
31 IlCBM * POSTIRI C4 2.698 0.03 0.22
32 FBLIIIP=I * B1B 2.781 0.03 0.25
33 JMlII * MlI 2.841 0.03 0.27
34 POSC3 * FnilIeP 2.848 0.03 0.30
35 MKIII 2 P08c3 3.133 0.03 0.33
36 illI * POSTR IC4 3.930 0.04 0.36
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Parameters Of YS Sorted In scending Order
By Their Sun Of Squares

Type I Sam Percent Summed Percent
umber Variable of Squares Of 883 Of 83R

37 B-52PSN 2 BIB 3.990 0.04 0.40
38 MMII • TRIDS 4.083 0.04 0.44
39 MICBM * ATS 4.337 0.04 0.48
40 BIB 2 ATB 4.484 0.04 0.52
41 PKEKP • TRIDS 4.709 0.04 0.56
42 MMIII * B-52PEU 5.437 0.05 0.61
43 MIII * PKESP 5.605 0.05 0.67
44 POSC3 * POSC3 5.656 0.05 0.72
45 B-52PN * B-52CMC 6.350 0.06 0.78
46 PKi P * PKEEP 6.487 0.06 0.84
47 POSC3 * ATB 6.490 0.06 0.90
48 B-52P3U * ATB 7.023 0.07 0.96
49 MICBM * POSC3 7.089 0.07 1.03
50 TRIDS * TRIDS 7.152 0.07 1.10
51 POSTRIC4 2 B-52PBN 7.604 0.07 1.17
52 POSTRIC4 • B1B 7.756 0.07 1.24
53 PK9lP * B-52PM 8.080 0.07 1.31
54 PKBRP 2 BIB 8.165 0.08 1.39
55 POSC3 2 BIB 9.429 0.09 1.48
56 POSTRIC4 2 B-52CC 12.076 0.11 1.59
57 MMII * B-52CMC 13.104 0.12 1.71
56 B-52CC * B-52CIC 13.127 0.12 1.83
59 POSC3 2 POSTRIC4 13.213 0.12 1.95
60 MMIII * ATB 14.592 0.14 2.09
61 TRID5 * B-52PEN 14.726 0.14 2.23
62 POSC3 * B-52PEN 14.803 0.14 2.36
63 POSTRIC4 * TRIDS 15.366 0.14 2.51
64 PKEEP * ATB 16.261 0.15 2.66
65 MMIII 2 MMIII 16.453 0.15 2.81
66 POSC3 * B-52CMC 17.223 0.16 2.97
67 PKEEP * POSTRIC4 17.577 0.16 3.13
68 MIII 2 TRIDS 19.492 0.18 3.31
69 PKElP 2 POSC3 21.229 0.20 3.51
70 B-52CMC 2 B1B 23.136 0.21 3.72
71 TRID5 * ATB 23.571 0.22 3.94
72 B-52CHC • ATB 23.668 0.22 4.16
73 MMIII ' BIB 30.609 0.28 4.44
74 TRID5 ' BIB 32.919 0.31 4.75
75 MMII 33.698 0.31 5.06
76 POSTRIC4 2 ATB 34.466 0.32 5.38
77 PKE8P * B-52CHC 37.628 0.35 5.73
78 POSC3 • TRID5 38.192 0.35 6.08
79 FBI11PEN 39.125 0.36 6.45
80 MICBM 74.025 0.69 7.13
81 TRID5 ' B-52CMC 94.090 0.87 8.01
82 8-52PEN 253.805 2.35 10.36
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Parameters Of Y5 sorted in Ascending order
By Their Sum Of Squares

Type I Sun Percent Suinmed Percent
Number Variable of Squares Of SSR Of SSR

83 MMIII 446.900 4.14 14.50
84 POSTRIC4 541.260 5.02 19.52
85 B-52CHC 656.000 6.08 25.60
86 B1B 701.521 6.50 32.11
87 POSC3 733.597 6.80 38.91
88 PKEEP 1150.397 10.66 49.57
89 ATB 1448.373 13.43 63.00
90 TRIDS 3991.239 37.00 100.00

For Y5: Residuals Associated With The Design Points

Design Point ASM's Response Postulated Model's Response Residual

1 85.75 85.73 0.02
2 74.36 75.95 -1.59
3 68.57 67.39 1.18
4 82.90 83.36 -0.46
5 80.32 79.19 1.13
6 83.35 83.34 0.01
7 82.53 83.22 -0.69
8 85.01 85.22 -0.21
9 73.23 74.00 -0.77

10 64.12 64.61 -0.49
11 82.16 82.00 0.16
12 79.48 78.24 1.24
13 56.77 56.43 0.34
14 67.57 67.60 -0.03
15 69.47 69.15 0.32
16 58.67 56.82 -0.15
17 83.88 83.16 0.72
18 82.44 82.80 -0.36
19 79.43 78.70 0.73
20 81.03 81.81 -0.78

*21 73.86 73.84 0.02
22 78.27 79.38 -1.11
23 74.90 74.73 0.17
24 81.25 80.88 0.37
25 79.58 78.87 0.71
26 72.99 72.78 0.21
27 78.11 77.54 0.57
28 66.84 67.21 -0.37
29 59.61 59.60 0.01
30 69.76 69.88 -0.12
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For YS: Residuals Associated With The Design Points

Design Point ARM's Response Postulated Model's Response Residual

31 76.52 76.18 0.34
32 66.78 67.88 -1.10
33 86.08 86.33 -0.25
34 84.25 86.95 -2.70
35 63.71 67.67 -3.96
36 75.38 76.75 -1.37
37 74.12 74.37 -0.25
38 85.41 84.51 0.90
39 81.10 79.24 1.86
40 81.88 81.15 0.73
41 79.79 77.43 2.36
42 57.17 55.98 1.19
43 68.83 69.40 -0.57
44 67.53 66.93 0.60
45 55.86 53.50 2.36

q. 46 78.97 75.51 3.46
47 83.59 85.12 -1.53
48 62.45 65.28 -2.83
49 80.80 78.48 2.32
50 80.16 78.43 1.73

51 78.33 76.84 1.49
52 79.09 77.59 1.50
53 70.63 71.07 -0.44
54 77.41 75.80 1.61
55 72.33 73.47 -1.14

* 56 79.60 78.80 0.80
57 78.84 78.11 0.73
58 72.92 74.88 -1.96
59 75.95 76.28 -0.33
60 65.07 67.09 -2.02
61 61.98 64.01 -2.03
62 69.23 71.08 -1.85
63 74.75 74.07 0.68
64 67.54 68.63 -1.09
65 83.37 81.13 2.24
66 79.47 79.39 0.08
67 75.37 74.40 0.97
68 81.13 80.94 0.19
69 76.76 76.60 0.16
70 80.34 80.26 0.08
71 75.53 74.83 0.70
72 80.34 79.34 1.00
73 76.29 75.43 0.86

o 74 64.53 66.28 -1.75

75 76.02 75.00 1.02
76 65.92 67.02 -1.10
77 54.30 55.52 -1.22
78 66.28 68.14 -1.86

249

r# .S



For Y5: Residuals Associated With The Design Points

Design Point ARM's Response Postulated Nodel's Response Residual

79 76.39 75.74 0.65
80 65.24 67.27 -2.03
81 86.48 86.84 -0.36
82 79.88 82.33 -2.45
83 79.38 81.09 -1.71
84 85.98 86.59 -0.61
85 74.40 74.50 -0.10
86 75.00 76.12 -1.12
87 71.84 70.55 1.29
88 83.84 85.20 -1.36
89 77.09 76.53 0.56
90 76.55 75.02 1.53
91 83.35 84.67 -1.32
92 70.66 68.67 1.99
93 54.97 54.15 0.82
94 58.06 57.03 1.03
95 67.65 66.74 0.91
96 65.05 64.14 0.91
97 85.18 85.09 0.09
98 81.68 82.39 -0.71
99 80.20 79.38 0.82
100 83.76 84.07 -0.31
101 70.65 69.95 0.70
102 73.83 74.79 -0.96
103 72.04 72.74 -0.70
104 84.45 84.46 -0.01
105 80.93 81.65 -0.72
106 79.38 78.53 0.85
107 83.03 83.34 -0.31
108 68.51 67.78 0.73
109 57.26 57.24 0.02
110 64.52 64.19 0.33
111 66.66 66.36 0.30
112 59.41 59.51 -0.10
113 83.45 82.68 0.77
114 76.56 78.84 -2.28
115 74.34 73.07 1.27

116 81.50 81.78 -0.28
117 79.87 78.69 1.18
118 81.96 82.11 -0.15
119 78.96 79.72 -0.76
120 80.57 81.94 -1.37
121 73.43 74.28 -0.85
122 64.53 64.89 -0.36
123 78.45 77.42 1.03
124 74.62 72.68 1.94
125 57.24 57.50 -0.26
126 69.35 69.40 -0.05
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For YS: Residuals Associated Vith The Design Points

Design Point ASM's Response Postulated Model's Response Residual

127 74.92 75.61 -0.69
128 68.19 67.33 0.86
129 82.11 82.23 -0.12
130 81.54 81.74 -0.20
131 79.43 77.20 2.23
132 80.01 78.36 1.65
133 66.49 68.67 -2.18
134 76.30 76.87 -0.57
135 75.18 75.24 -0.06
136 81.28 81.05 0.23
137 80.69 80.54 0.15
138 78.53 75.93 2.60
139 79.14 77.12 2.02
140 65.00 66.97 -1.97
141 62.43 64.33 -1.90
142 73.65 73.27 0.38
143 75.09 74.93 0.16
144 63.65 66.05 -2.40
145 81.49 81.01 0.48
146 77.65 78.34 -0.69
147 77.04 76.69 0.35
148 80.91 81.03 -0.12
149 79.96 78.64 1.32
150 80.54 79.28 1.26
151 77.37 77.44 -0.07
152 78.50 78.65 -0.15
153 69.46 70.45 -0.99
154 66.37 67.96 -1.59
155 77.52 77.82 -0.30
156 76.39 75.97 0.42
157 65.23 65.39 -0.16
158 68.32 68.53 -0.21
159 76.47 75.90 0.57
160 73.47 73.60 -0.13
161 85.51 86.02 -0.51
162 79.69 80.86 -1.17
163 75.20 75.69 -0.49
164 82.94 82.98 -0.04
165 79.89 78.70 1.19
166 82.66 83.92 -1.26
167 77.07 76.58 0.49
168 80.15 83.29 -3.14
169 73.55 74.10 -0.55
170 66.68 66.07 0.61
171 76.99 77.39 -0.40
172 69.67 68.50 1.17
173 55.80 54.64 1.16
174 64.22 64.83 -0.61
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For I5: Residuals Associated With The Design Points

Design Point ADN's Response Postulated Model's Response Residual

175 76.60 76.20 0.40
176 72.01 68.87 3.14
177 82.68 82.15 0.53
178 75.67 76.48 -0.81
179 70.73 69.94 0.79
10 79.73 79.76 -0.03
181 78.68 77.75 0.93
182 81.82 81.79 0.03
183 80.75 81.67 -0.92
184 81.84 81.88 -0.04
185 74.58 74.76 -0.18
186 66.38 67.16 -0.78
187 78.74 78.43 0.31
188 77.51 76.58 0.93
189 62.57 63.22 -0.65
190 72.61 72.46 0.15
191 74.48 74.04 0.44
192 65.14 65.85 -0.71
193 75.24 75.24 0.00

I
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Amnadix P: Tk. CDORM .lI JJ

The CODIDBTS.IN file is created by the RGRSSIOH subroutine. It

contains the parameter estimates to the postulated model (eqn 2.3). The

first line lists the number of design variables, the number of equation

parameters, and the number of objectives (dependent variables) processed

by the RGRSSION subroutine. The lines that follow first list the names

of all parameters and then by objective the parameter estimations. The

parameter estimations are listed in such manner as to correspondingly

match the parameter names as listed (i.e., for the first objective, the

INTERCIPT is matched with 86.45, the MlII'MMII is matched with -0.01609,

MIIllMMIII is matched with -0.51133, and so on).

12 91 5
INT3RC3PT
MMII t M6I
MMIII ' 1MMIII
PKUeP ' PKEIP
MICBM HICBM
POSC3 ' POSC3
POSTRIC4 * POSTRIC4
TRIO5 * TRIO5
B-52PEN • B-52PlSN
B-52CHC * B-52CHC
F6lllPEN 2 FBI11PON

BiB * B1B
ATB * ATB
MMII
MMIII
PKERP

HICBM
POSC3
POSTRIC4
TRIDS
B-52PKN
-B-52CHC
FB111PRN
BIB
ATB
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MMII NM I IS

NMI I *MICOM

KNIIT POSC3
MMIT POSIRIC4
mmiI TRID5
MMIT B-52P3u
MMII B -52CHC
KNIT F BhilPEN
MMIT BIB1
MMIT ATB
MiIIl PIKUP
MMIII 'MICBM

MMIII POSC3
MMIII 'POSTRIC4

MiII * TRIPS
MMIII t B-52p33
MiII * B-52CMC
MMIII * PFhiPsm
MMIII t BIB
MMIII AID
PIKUP M ICBN
PIKURP *POSC3

PIKU9P 'POSTRIC4

* PIKU9P 'TRID5

PIKUP t B-52PKU
PIKU3P t B-52CHC
PIKU8P * FB1Z.psm
PIKP BIB~f
PIKURP 'AID

MICEM 'POSC3

MICIM 'POSTRIC4

MICBM t TRIDS
MICBM * B-52PKN
MICBM t B-52CMC
MICBM ' FB111PBN
MICBM t BIB

L MICBM *AID

POSC3 *POSTRIC4

POSC3 'TRID5

POSC3 B -52PSM
POBC3 *B-52cCC
POSC3 * FBI1pKN
POSC3 * BIB
POSC3 t AID
POBTRIC4 * TRID5
POSTRIC4 t B-52PSN
POSIRIC4 t B-52CHC
POSIRIC4 * FB111PZN

*POSTRIC4 t BIB
POBTRIC4 * ATD
TRID5 t B-52PBN
TRID5 * D-52CHC
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F

TRIOS5 * rllIipgN
?RIDS * BIB

B-52PRN * B-52CMC

B-52PRN 2 FBI1lPEN
B-52PN * BIB
B-52PBN t AtB
B-52CMC * FBl11PEN
B-52C'C 2 BIB
9-52CMC * AIB
FB111PBH * BIB
FBI11PEN t ATB
BIB t ATB

1 2 3 4 5
86.45000 88.76000 75.51000 64.99000 75.24000
-0.01609 -1.75246 0.28602 1.33445 0.25261
-0.51133 -2.34020 0.54617 2.08109 0.44516
-0.97477 -3.40793 0.82180 2.16828 0.26227
0.01656 1.54520 -0.22273 -0.92820 -0.11016
0.06102 0.18512 -0.26258 -1.55000 -0.67047
-0.02727 -0.86387 0.10586 -0.29578 -0.28852
-0.37609 -13.78309 2.20289 4.40445 -0.62625
0.34648 -0.51926 0.31742 -0.80047 -0.33078
0.11680 0.45707 0.59930 -2.11391 -0.63336
-0.00406 -1.37105 0.34977 0.29055 -0.08922
-0.12992 -3.25957 0.82430 1.07156 -0.06766
-0.07195 -9.45887 0.97586 4.65266 0.15023
0.32438 1.07297 0.20125 0.96313 0.72563
0.69203 2.44594 0.73750 4.39344 2.64250

-1.02516 7.15078 1.42563 5.86266 4.23969
-0.34062 0.61109 0.12234 2.26234 1.07547
0.38688 0.00703 0.30141 7.73688 3.38563
0.36109 0.00359 0.76156 6.35063 2.90813

-1.48375 15.93984 2.68406 9.44625 7.89703
-0.54375 -0.00109 0.45719 4.61391 1.99141
0.16781 -0.00922 -0.13781 7.62406 3.20156
0.03375 0.00078 0.06984 1.80328 0.78188
0.41266 3.76719 0.88672 5.29203 3.31078
0.06219 10.70797 0.43250 5.53359 4.75719

-0.72375 -0.70812 -0.24750 0.94375 0.10000
-0.18937 -0.96062 0.01938 0.26438 -0.11375
-0.25500 -0.62000 0.20375 0.36188 0.03687
-0.13750 0.00188 0.05375 -0.48875 -0.20875
-0.05000 0.00000 0.20375 -0.72937 -0.26313
-0.13031 -1.34125 0.13406 -0.20062 -0.35719
-0.08313 -0.00563 0.12813 -0.11000 -0.02688
-0.01188 0.00187 -0.05688 0.00063 -0.01500
0.01563 -0.00187 -0.03938 0.00312 -0.00625
0.06313 -0.00562 -0.11312 -0.01625 -0.02937
0.20250 -0.00250 0.31250 -1.09687 -0.36312
-0.73187 -2.01875 1.44000 -0.99062 -0.59187
-0.41500 -1.43687 0.32625 0.97750 0.13188
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0.11625 -0.01313 0.06375 -1.11250 -0.44250
-0.34562 -0.01000 0.30125 -1.24063 -0.49563
-0.56875 -3.84438 0.75125 -0.92125 -1.10375
0.01094 0.00750 0.06188 -1.01937 -0.41219

-0.23250 -0.00125 0.98750 -2.64937 -0.90500
0.06500 0.00437 -0.10125 -0.45750 -0.21063
0.21250 -0.00562 0.73125 -3.75875 -1.38312
-0.31000 0.00125 0.14500 -2.26188 -0.95500
-0.93250 0.43375 -0.16125 0.08563 -0.02250
-0.07562 0.02375 0.18938 -2.83000 -1.15187
-0.2$562 -0.00500 0.74750 -2.83187 -1.04812
-0.91125 -6.73125 1.12000 1.77313 -0.54250
0.16437 0.00250 0.68625 -2.12563 -0.71063
0.00594 -0.00031 0.65656 -2.94937 -1.08437
0.14437 0.00687 -0.17188 -0.79938 -0.36250
-0.04063 -0.02625 0.06437 -1.70875 -0.71438
0.24063 -0.02625 0.44063 -2.69875 -1.00812
0.09000 0.00000 0.22563 -1.73187 -0.66562

-0.11375 0.00000 0.01500 -0.94812 -0.41063
-0.86375 -1.16875 -0.04250 0.53813 -0.13750
-0.06500 0.00000 0.27562 -1.11180 -0.40938
-0.01000 0.00375 -0.14000 0.07812 -0.00250
-0.01125 0.00156 0.21031 -0.50531 -0.16312
-0.08125 0.00312 -0.39500 -0.17375 -0.17938
-0.02125 -0.00250 0.68375 -1.62063 -0.52063
-0.11562 -0.00625 -0.46437 -1.85187 -0.90875
-0.21000 -0.00438 -0.08750 -3.54875 -1.54500
0.63000 0.00000 0.22937 -2.59062 -0.96187
0.18437 0.00750 0.60813 -2.86937 -1.03750
0.08375 0.00000 0.21187 -1.14688 -0.42188
0.02563 -0.01000 0.17000 -1.38594 -0.54281
-0.25438 -0.02125 -0.08938 -1.37375 -0.63688
-0.22937 0.00188 0.09563 -2.31437 -0.98000
0.22812 -0.00125 0.28000 -1.85562 -0.68937
0.18562 0.00500 0.19438 -2.22563 -0.86875
0.20688 0.00062 -0.01438 -0.21688 -0.06875
0.28312 0.00625 0.19437 -1.84688 -0.69625
0.21219 0.00781 0.16719 -2.62000 -1.03781
0.26187 -0.00437 -0.14312 -2.26375 -0.95937
-0.14625 -0.003?5 1.78625 -6.73188 -2.42500
-0.09313 0.00438 0.21938 -0.90562 -0.34000
-0.07687 -0.00438 0.21062 -3.49750 -1.43438
0.04063 -0.00062 -0.38563 -2.66687 -1.21375
0.13500 0.00500 0.32500 -1.71812 -0.63000

-0.05375 0.00000 0.26188 -0.55438 -0.17562
0.38063 -0.00187 0.14688 -1.37625 -0.49937
0.16750 0.00000 0.15000 -1.70563 -0.66250
-0.09313 -0.00562 0.02438 -0.38562 -0.16875
-0.07937 -0.01000 1.60938 -3.74938 -1.20250
-0.42000 0.00125 1.05675 -3.37312 -1.21625
-0.07625 -0.00062 0.37500 -1.18125 -0.41688
-0.01312 -0.00437 0.19688 -0.69437 -0.24750
0.03563 -3.96875 0.58813 0.42500 -0.52938
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ARnODndix 2.L WIMD L!~nC

The following code was Used to execute the SAS's regression

package. The same statistics as those calculated by the RGRSSIO4h subroutine for the fifth obJective were computed by the SAS regression

9 package (refer to Appendices 0 and P). The purpose was to verify the

RGRSSIOH subroutine. The SAS output for this code is shown in AppendixI R.

N options linesize=80;
filename reginput 'storaqe.dat';
data rsmedae.;I infile reginput;

input mu iiI pkeep micbm posc3 postric4 trid5 b52pen a b52cmc
fblllpen b bib c d atb yi y2 y3 y4 y5;

if mii=O then xl=-l;
If =11=225 then xl=O;
If m11=450 then xlzl;
It miii=OO then x2=-1.;
If =Mi=325 then x2=0;
it miii=550 then x2-1.;
if pkeep=O then x3=-l;
if pkeeps5O then x3-0;
If pkeep=lOO then x3=l;
If sicbm-O then x4z-i;
if micbin-lOO then x4=0;
if micbin=200 then x4z1;
If posc3=176 then x5--l;
If posc3-240 then x5-O;
if posc3=304 then x5=1;
if postric4-240 then x6a-I.;
If postric4=312 then x6=0;
If postric4-384 then x6-1;
if trid5=O then x7=-l;
if tridSul6O then x7=O;
if trid5=336 then x7=1;
If b52pen=O then x8=-1;
if b52pen=78 then x8=O;
If b52pen=156 then x8=l;
If b52cinc=40 then x9=-l;
if b52cmc=98 then x9=0;
if b52cmc=156 then x9=1;
If fbillpen=O then xa=-1;
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if fblllpen=30 then xa=O;
If fblllpen=60 then xa=l;
It blb=30 then xb=-1;
If blb=65 then xb=O;
if blb=100 then xb=1;
if atb=O then xc=-l;
if atb=62 then xc=O;
If atb=124 then xc=l;
xll-xI'xl;
xl2zxl'x2;

* x13axI'x3;
xl4=xl'x4;

xl6=xl'x6;
xl7=xltx7;
xlS=xI'xs;
X19=xI'x9;
xla=x1txa;
xlb-xi'xb;
xlc=xl'xc;
x22xx2*x2;
x23=x2tx3;
x24=x2tx4;
x25=x2tx5;
x26ax2tx6;
x27=x2*x7;
x28=x2tx8;
x29=x2*x9;
x2a~x2txa;
x2b=x2txb;
x2c=xZtxc;
x33=x3'x;
x34=x3tx4;
x35=x3tx5;
x36=x3tx6;
x37-x3tx7;
x38=x3*x8;
x39=x3tx9;
x 34 x 3txa;
x3b=x3'xb;
x3c-x3txc;

* z44=x4tx4;
x45-x4tx5;
x46=x4*x6;
x47ax4*x7;
x48=x4'xS;
x49:x42x9;
x4a=x4'xa;
x4b-x4txb;
x4c-x4txc;
x55zx5tx5;
x56=x5'x6;

- x57=x5tx7;
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x$8=xstx$;
* x59=xS'x9;

x~a =xS5~xa;
x5b=x5txb;
x5c=x5'xc;
x66=x6tx6;
x67=x6tx7;
x68=x6txS;
x69=x6tx9;
x6a=x6txa;
x6b=x6txb;
x6c=x6txc;
xii sxi'x7;

078=020x;
x79mxi'x9;
xla=xitxa;
x7b-x1'xb;
x7c=x7txc;
xes=xstxe;

X89=x8tx9;
x~a=xe'xa;
x~b=xS'xb;
xsc-xS'xc;
x99=x9'x9;
x9a-x9txa;
x9b=x9'xb;
x9c-x9'xc;
xaa=xatxa;
xabzxatxb;
xac-xatxc;
xbb-xbtxb;
xbc=xbtxc;
xcczxc'xc;

proc req;
model y5 x1 x2x3 x4 x5x6x0x8 x9 xa xb xc xll x12 x13 xl4 x15 x1

Wl xlS x19 xla xlb xlc x22 x23 x24 x25 x26 x27 x28 x29 x2a
x2b x2c x33 x34 x35s x36 x37 x38 x39 x3a x3b x3c x44 x45 x46
x47 x4$ x49 x4a x4b x4c x55 x56 x57 x58 x59 x5a x5b x5c x66
x67 x6$ x69 x6a x6b x6c x77 x78 x79 xia xlb xic xS8 x89 x~a
x~b x~c x99 x9a x9b x9c xaa xab xac xbb xbc xcc /ssl p;
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k~ui*1z PL !Ul Qnut For Thi Fifth Objectivye

The regression output from SAS for the fifth objective is listed

belov. To verify the RGRSSION subroutine, the statistics that the

RGRSSION subroutine produces (Appendices 0 and P) was compared to the

same statistic produced by SAS. [Note: SAS does not list the parameter

estimates in the same order as Appendix P does.]

SAS 17:18 FRIDAY, MARCH 13, 1987 33

DIP VARIABLE: Y5
ANALYSIS OF VARIANCE

SUN OF "MAN
SOURCE DF SQUARES SQUARE P VALUE PROB>F

MODEL 90 10786.68 119.852 45.642 0.0001
ERROR 102 267.8438 2.62592
C TOTAL 192 11054.52

ROOT HSE 1.620469 R-SQUARE 0.9758
DIP HM 74.6743 ADJ R-SQ 0.9544
C.V. 2.170049

PARAM ETER ESTIMATES

PARAMETER STANDARD T FOR HO:
VARIABLE DF ESTIMATE ERROR PARARTER=0 PROB > ITI

INTERCEP 1 75.24 1.620469 46.431 0.0001
xI 1 0.725625 0.2025586 3.582 0.0005
X2 1 2.6425 0.2025586 13.046 0.0001
X3 1 4.239688 0.2025586 20.931 0.0001
X4 1 1.075469 0.2025586 5.309 0.0001

X5 1 3.385625 0.2025586 16.714 0.0001
X6 1 2.908125 0.2025586 14.357 0.0001
X7 1 7.897031 0.2025586 38.986 0.0001
X8 1 1.991406 0.2025586 9.831 0.0001
X9 1 3.201563 0.2025586 15.806 0.0001
XA 1 0.781875 0.2025586 3.860 0.0002
XB 1 3.310781 0.2025586 16.345 0.0001
XC 1 4.757188 0.2025586 23.485 0.0001
Xli 1 0.2528125 0.4723353 0.535 0.5936
X12 1 0.1 0.4051173 0.247 0.8055
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X13 1 -0.11375 0.4051173 -0.281 0.7794
X14 1 0.036875 0.4051173 0.091 0.9277
115 1 -0.20875 0.4051173 -0.515 0.6075
X16 1 -0.263125 0.4051173 -0.650 0.5175
X17 1 -0.357188 0.2864612 -1.247 0.2153
Xis 1 -0.026875 0.4051173 -0.066 0.9472
X19 1 -0.015 0.4051173 -0.037 0.9705
XIA 1 -0.00625 0.4051173 -0.015 0.9877
XIB 1 -0.029375 0.4051173 -0.073 0.9423
XIc 1 -0.363125 0.4051173 -0.896 0.3722
X22 1 0.4451562 0.4723353 0.942 0.3482
123 1 -0.591875 0.4051173 -1.461 0.1471
X24 1 0.131875 0.4051173 0.326 0.7455
X25 1 -0.4425 0.4051173 -1.092 0.2773
X26 1 -0.495625 0.4051173 -1.223 0.2240
X27 1 -1.10375 0.4051173 -2.725 0.0076
X28 1 -0.412187 0.2864612 -1.439 0.1532
129 1 -0.905 0.4051173 -2.234 0.0277
X2A 1 -0.210625 0.4051173 -0.520 0.6043
X2B 1 -1.38313 0.4051173 -3.414 0.0009
X2C 1 -0.955 0.4051173 -2.357 0.0203
X33 1 0.2622656 0.4723353 0.555 0.5799
X34 1 -0.0225 0.4051173 -0.056 0.9558
136 1 -1.04013 0.4051173 -2.587 0.0111
X37 1 -0.5425 0.4051173 -1.339 0.1835
X38 1 -0.710625 0.4051173 -1.754 0.0824
X39 1 -1.08438 0.2864612 -3.785 0.0003
X3A 1 -0.3625 0.4051173 -0.895 0.3730
X3B 1 -0.714375 0.4051173 -1.763 0.0808
X3C 1 -1.00812 0.4051173 -2.488 0.0144
X44 1 -0.110156 0.4723353 -0.233 0.8161
X45 1 -0.665625 0.4051173 -1.643 0.1035
X46 1 -0.410625 0.4051173 -1.014 0.3132
147 1 -0.1375 0.4051173 -0.339 0.7350
148 1 -0.409375 0.4051173 -1.011 0.3146
X49 1 -0.0025 0.4051173 -0.006 0.9951
X4A 1 -0.163125 0.2864612 -0.569 0.5703
X4B 1 -0.179375 0.4051173 -0.443 0.6589
X4C 1 -0.520625 0.4051173 -1.285 0.2017
X55 1 -0.670469 0.4723353 -1.419 0.1588
X56 1 -0.90875 0.4051173 -2.243 0.0270
X57 1 -1.545 0.4051173 -3.814 0.0002
X58 1 -0.961875 0.4051173 -2.374 0.0195
X59 1 -1.0375 0.4051173 -2.561 0.0119
XSA 1 -0.421875 0.4051173 -1.041 0.3002
X5B 1 -0.542812 0.2864612 -1.895 0.0609
X5c 1 -0.636875 0.4051173 -1.572 0.1190
166 1 -0.288516 0.4723353 -0.611 0.5427
X67 1 -0.98 0.4051173 -2.419 0.0173
X68 1 -0.689375 0.4051173 -1.702 0.0919
X69 1 -0.06675 0.4051173 -2.144 0.0344
X6A 1 -0.06875 0.4051173 -0.170 0.8656
XGB 1 -0.69625 0.4051173 -1.719 0.0887
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PARAMETER STANDARD T FOR HO:
VARIABLE DF ESTIMATE ERROR PARAMETBR=O PROB > ITI

X6C 1 -1.03781 0.2864612 -3.623 0.0005
X77 1 -0.62625 0.4723353 -1.326 0.1878
X76 1 -0.959375 0.4051173 -2.368 0.0198
X79 1 -2.425 0.4051173 -5.986 0.0001
X7A 1 -0.34 0.4051173 -0.839 0.4033
X7B 1 -1.43438 0.4051173 -3.541 0.0006
X7C 1 -1.21375 0.4051173 -2.996 0.0034
88 1 -0.330781 0.4723353 -0.700 0.4853
X89 1 -0.63 0.4051173 -1.555 0.1230
X8A 1 -0.175625 0.4051173 -0.434 0.6656
X8B 1 -0.499375 0.4051173 -1.233 0.2205
X8C 1 -0.6625 0.4051173 -1.635 0.1051
199 1 -0.633359 0.4723353 -1.341 0.1829
X9A 1 -0.16875 0.4051173 -0.417 0.6779
X9B 1 -1.2025 0.4051173 -2.968 0.0037
X9C 1 -1.21625 0.4051173 -3.002 0.0034
XAA 1 -0.0892188 0.4723353 -0.189 0.8506
XAB 1 -0.416675 0.4051173 -1.029 0.3059
XAC 1 -0.2475 0.4051173 -0.611 0.5426
XBB 1 -0.0676563 0.4723353 -0.143 0.8864
XBc 1 -0.529375 0.4051173 -1.307 0.1942

VARIABLE DF TYPE I SS

INTgRCIP 1 1076216
xi 1 33.69803
X2 1 446.8996
X3 1 1150.397
X4 1 74.02451
X5 1 733.5972
X6 1 541.2602
X7 1 3991.239
X8 1 253.8047
X9 1 656.0002
XA 1 39.12503
XB 1 701.5214
Xc 1 1446.373
XIll 1 2.841361
X12 1 0.16
X13 1 0.207025
X14 1 0.02175625
x15 1 0.697225
X16 1 1.107756
X17 1 4.082653
X1S 1 0.01155625
X19 1 0.0036
XIA 1 0.000625
1Is 1 0.01380625
xIc 1 2.109756
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VARIABLE DF TYPS I 66

X22 1 16.45276
X23 1 5.605056
X24 1 0.2782562
X25 1 3.1329
X26 1 3.930306
X27 1 19.49223
X28 1 5.436753
X29 1 13.1044
X2A 1 0.7098062
12B 1 30.60856
X2C 1 14.5924
X33 1 6.486849
X34 1 0.0081
X35 1 21.22906
X36 1 17.57706
X37 1 4.7089
X38 1 8.079806
X39 1 37.62781
X3K 1 2.1025
X3B 1 8.165306
X3C 1 16.26106
X44 1 2.409523
X45 1 7.088906
X46 1 2.697806
X47 1 0.3025
X48 1 2.681406
X49 1 0.0001
X4K 1 0.8515125
X4B 1 0.5148063
X55 1 5.656306
X56 1 13.21322
X57 1 38.1924
X58 1 14.80326
159 1 17.2225
IXA 1 2.847656
X5B 1 9.428653
xSc 1 6.489756
X66 1 0.3317038
X67 15.3664
X68 1 7.603806
X69 1 12.07563
X6A 1 0.075625
X6B 1 7.756225
I6C 1 34.46575
X77 1 7.151862
X78 1 14.72641
X79 1 94.09
X7K 1 1.8496
X7B 1 32.91891
X7C 1 23.57103
88 1 1.184964
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VARIABLE OF TYPE I $$

X89 1 6.3504
X8A 1 0.4935063
X8B 1 3.990006
X8C 1 7.0225
X99 1 13.12689
X9A 1 0.455625
X9B 1 23.1361
x9c 1 23.66823
XAA 1 0.4612686
XAB 1 2.780556
XAC 1 -0.9801
XBB 1 0.7704485
XBC 1 4.483806
XCC 1 0.2656558

PREDICT
OBS ACTUAL VALUE RESIDUAL

1 85.75 85.7348 .0151563
2 74.36 75.9527 -1.5927
3 68.57 67.3939 1.17609
4 82.9 83.3561 -.456094
5 80.32 79.1936 1.12641
7 82.53 83.223 -.692969
8 85.01 85.2155 -.205469
9 73.23 74.0045 -.774531

10 64.12 64.6108 -.490781
11 82.16 82.0017 0.158281
12 79.48 78.2392 1.24078
13 56.77 56.4333 0.336719
14 67.57 67.597 -.027031
15 69.47 69.1452 0.324844
16 58.67 58.8164 -.146406
17 83.88 83.162 0.717969
18 82.44 82.8036 -.363594
19 79.43 78.6961 0.733906
20 81.03 81.812 -.782031
21 73.86 73.8414 .0185938
22 78.27 79.3839 -1.1139
23 74.9 74.7308 0.169219
24 81.25 80.8764 0.373594
25 79.58 78.8692 0.710781
26 72.99 72.7792 0.210781
27 78.11 77.5439 0.566094
28 66.84 67.2058 -.365781
29 59.61 59.5986 .0114063
30 69.76 69.8811 -.121094
31 76.52 76.183 0.337031
32 66.78 67.883 -1.103
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PREDI CT
OBS ACTUAL VALUE RESIDUAL

33 86.08 86.3319 -.251875
34 84.25 86.9525 -2.7025
35 63.71 67.6684 -3.9584
36 75.38 76.7478 -1.3678
37 74.12 74.3719 -.251875
38 85.41 84.5059 0.904063
39 81.1 79.2353 1.86469
40 81.88 81.1512 0.72875

41 79.79 77.4344 2.35563
42 57.17 55.9803 1.18969
43 68.83 69.3972 -.567187
44 67.53 66.9312 0.59875
45 55.86 53.5044 2.35563
46 78.97 75.5084 3.46156
47 83.59 85.1166 -1.5266

"z 48 62.45 65.2825 -2.8325
49 80.8 78.4763 2.32375
50 80.16 78.4338 1.72625
51 78.33 76.8422 1.48781
52 79.09 77.5872 1.50281
53 70.63 71.0672 -.437188

55 72.33 73.4666 -1.1366
56 79.6 78.8016 0.798437
57 78.84 78.1066 0.733437
58 72.92 74.8775 -1.9575
59 75.95 76.275 -0.325
60 65.07 67.0925 -2.0225
61 61.98 64.0075 -2.0275
62 69.23 71.0841 -1.8541
63 74.75 74.0738 0.67625
64 67.54 68.6347 -1.0947
65 83.37 81.1295 2.24047
66 79.47 79.3911 .0789063

67 75.37 74.3955 0.974531
68 81.13 80.9439 0.186094
69 76.76 76.6002 0.159844
70 80.34 80.2608 .0792188
71 75.53 74.8327 0.697344
72 80.34 79.3364 1.00359
73 76.29 75.4267 0.863281

74 64.53 66.2811 -1.7511
75 76.02 75.000 1.01922
76 65.92 67.022 -1.102
77 54.3 55.5173 -1.2173
78 66.28 68.138 -1.858
79 76.39 75.7373 0.652656
so 65.24 67.2667 -2.0267

81 86.48 86.8427 -.362656
82 79.88 82.3264 -2.4464
83 79.38 81.0852 -1.7052
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PREDICT

OBS ACTUAL VALUE RSIDUAL

84 85.98 86.5914 -.611406
85 74.4 74.5048 -.104844
86 75 76.1161 -1.1161
87 71.84 70.553 1.28703
88 83.84 85.1995 -1.3595
89 77.09 76.532 0.557969
90 76.55 75.0158 1.53422
91 83.35 84.6733 -1.3233
92 70.66 68.6667 1.99328

93 54.97 54.1542 0.815781
94 58.06 57.0305 1.02953

95 67.65 66.7448 0.905156
96 65.05 64.1436 0.906406
97 85.18 85.0864 .0935938
98 81.68 82.3911 -.711094
99 80.2 79.382 0.817969

100 83.76 84.0748 -.314844
101 70.65 69.9452 0.704844
103 72.04 72.7411 -.701094
104 84.45 84.462 -.012031
105 80.93 81.6492 -.719219
104 84.45 84.462 -.012031
105 80.93 81.6492 -.719219
106 79.38 78.5327 0.847344
107 83.03 83.343 -.312969

108 68.51 67.7845 0.725469
109 57.26 57.2367 .0232813
110 64.52 64.1908 0.329219
111 66.66 66.3614 0.298594
112 59.41 59.5148 -.104844
113 83.45 82.683 0.767031
114 76.56 78.8361 -2.2761
115 74.34 73.0705 1.26953
116 81.5 81.7823 -.282344
117 79.87 78.6889 1.18109
118 81.96 82.1095 -.149531
119 78.96 79.7202 -.760156
120 80.57 81.9423 -1.3723
121 73.43 74.2755 -.845469

122 64.53 64.8898 -.359844
123 78.45 77.4217 1.02828

124 74.62 72.6795 1.94047
125 57.24 57.4977 -.257656
126 69.35 69.4033 -.053281
127 74.92 75.6127 -.692656
128 68.19 67.327 0.862969
129 82.11 82.2306 -.120625
130 81.54 81.7419 -.201875
131 79.43 77.2 2.23
132 80.01 78.3637 1.64625
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PREDICT
OB0 ACTUAL VALUE RS I DUAL

133 66.49 68.6681 -2.1781
134 76.3 76.8725 -0.5725
135 75.18 75.2362 -0.05625
136 81.28 81.0494 0.230625
137 80.69 80.5356 0.154375
138 78.53 75.9337 2.59625
139 79.14 77.1225 2.0175
140 65 66.9719 -1.9719
141 62.43 64.3331 -1.9031
142 73.65 73.2725 0.3775
143 75.09 74.9337 0.15625
144 63.65 66.0544 -2.4044
145 81.49 81.0075 0.4825
146 77.65 78.3447 -.694688
147 77.04 76.6947 0.345312
148 80.91 81.025 -0.115
149 79.96 78.6428 1.31719
151 77.37 77.4441 -.074063
152 78.5 78.6463 -0.14625153 69.46 70.4509 -.990938

154 66.37 67.9584 -1.5884
155 77.52 77.8213 -0.30125
156 76.39 75.9666 0.423437
157 65.23 65.3863 -0.15625
158 68.32 68.5313 -0.21125
159 76.47 75.8975 0.5725
160 73.47 73.595 -0.125
161 85.51 86.0242 -.514219
162 79.69 80.8586 -1.1686
163 75.2 75.6927 -.492656
164 82.94 82.9758 -.035781
165 79.89 78.6964 1.19359
166 82.66 83.9161 -1.2561

167 77.07 76.578 0.492031
168 80.15 83.2936 -3.1436
169 73.55 74.0955 -.545469

170 66.68 66.072 0.607969
171 76.99 77.3877 -.397656

172 69.67 68.5002 1.16922173 55.8 54.6377 1.16234
174 64.22 64.8323 -.612344
175 76.6 76.203 0.397031
176 72.01 68.8658 3.14422
177 82.6 82.1523 0.527656
178 75.67 76.4811 -.811094
179 70.73 69.9367 0.793281
180 79.73 79.7592 -.029219
181 78.68 77.7545 0.925469
182 81.82 81.7902 .0298437
183 80.75 81.6652 -.915156
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*OSS ATAL VAREDC REIKDUAL

184 81.84 81.8798 -.039844
185 74.58 74.7561 -.176094
186 66.38 67.1592 -.779219
187 78.74 78.4342 0.305781
188 77.51 76.577 0.932969
189 62.57 63.2195 -.649531
190 72.61 72.4589 0.151094
191 74.48 74.0364 0.443594
192 65.14 65.8495 -.709531
193 75.24 75.24 -4.13-13

SUN OF RESIDUALS -2.664541-14
SUN OF SQUARED RESIDUALS 267.8438
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fti fth !!LL.I fULi

The XCUT 'NS.IN File is created by the DECODE subroutine. It

contains the decoded parameter estimates for the postulated equation

(equation 2.3 in this case). The first line shows the number of design

variables, the number of parameter estimates, and the number of

objectives processed by the DECODE subroutine. The next number of lines

show the name of each design parameter along with its range of values.

Last, the remaining lines first give which objective and then the para-

meter estimates for that objective. The values shown in this appendix

are the decoded parameter estimates for the coded parameter estimates

shown, by objective, in Appendix P.

12 91 5
KIII 0.00 450.00
IKIII 100.00 550.00
PKEEP 0.00 100.00
HICBN 0.00 200.00
POSC3 176.00 304.00
POSTRIC4 240.00 384.00
TRID5 0.00 336.00
B-S2PKN 0.00 156.00
B-52CHC 40.00 156.00
FB1l1PRN 0.00 60.00
BIB 30.00 100.00
ATB 0.00 124.00

1 2 3 4 5

77.324264176122 -44.068251999832 108.617774456922 -358.7006171866886 -125.214476892050
0.011007911148 0.037923677723 -0.00668984802 0.012140779900 0.012928076306
0.026233718634 0.076918390324 -0.034608905814 0.102736746640 0.054679718141
0.101039127696 0.462789803640 -0.188166919048 0.749967267105 0.387007125205
0.026976605200 0.009399783963 -0.010141193473 0.157526907649 0.069343867570

-0.003484952535 -0.020772220255 0.033040349702 0.783224201218 0.333503145141
0.010032719584 0.104225414709 -0.014357538219 0.504962326655 0.233209622389
0.023554792172 0.347164417615 -0.042884634142 0.279168491762 0.185094193969
-0.076030512259 0.013263306598 -0.057963822172 0.497093737632 0.189473105676
-0.012053095167 -0.027334587273 -0.230260844540 1.052439099331 0.380679221401
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-0.031744888661 0.091265280058 -0.087682051040 0.447496049808 0.183295167488
-0.022999209907 0.568970436625 -0.237347513019 0.965873900930 0.469928564274
0.011530612100 0.597974391233 -0.103181827207 0.506347899584 0.318958846779
-0.000000317827 -0.000034616494 0.000005649778 0.000026359506 0.000004993778
-0.000014296296 -0.000013987556 -0.000004888889 0.000018641975 0.000001975309
-0.000016832889 -0.000085388444 0.000001722667 0.000023500444 -0.000010111111
-0.000011333333 -0.000027555556 0.000009055556 0.000016083556 0.000001638667
-0.000009548611 0.000000130556 0.000003732639 -0.000033940972 -0.000014496528
-0.000003086420 0.000000000000 0.000012577160 -0.000045022840 -0.000016242593
-0.000003447354 -0.000035482804 0.000003546561 -0.000005307407 -0.000009449471
-0.000004736752 -0.000000320798 0.000007300855 -0.000006267806 -0.000001531624
-0.000000910345 0.000000143295 -0.000004358621 0.000000048276 -0.000001149425
0.000002315556 -0.000000277037 -0.000005834074 0.000000462222 -0.000000925926
0.000008016508 -0.000000713651 -0.000014364444 -0.000002063492 -0.000003729524
0.000014516129 -0.000000179211 0.000022401434 -0.000078628674 -0.000026030108
-0.000010100346 -0.000046226173 0.000010788543 0.000041107951 0.000008793284
-0.000065055111 -0.000179444444 0.000128000000 -0.000088055111 -0.000052610667
-0.000018444444 -0.000063860889 0.000014500000 0.000043444444 0.000005861333
0.000008072917 -0.000000911806 0.000004427083 -0.000077256944 -0.000030729167
-0.000021334568 -0.000000617284 0.000018595679 -0.000076582099 -0.000030594444
-0.000015046296 -0.000101703175 0.000019874339 -0.000024371693 -0.000029199735
0.000000623362 0.000000427350 0.000003525926 -0.000058083761 -0.000023486610

-0.000017816092 -0.000000095785 0.000075670498 -0.000203016858 -0.000069348659
0.000009629630 0.000000647407 -0.000015000000 -0.000067777778 -0.000031204444
0.000026984127 -0.000000713651 0.000092857143 -0.000477301587 -0.000175634286
-0.000022222222 0.000000089606 0.000010394265 -0.000162141935 -0.000068458781
-0.000389908000 -0.001363172000 0.000328720000 0.000867312000 0.000104908000
-0.000186500000 0.000086750000 -0.000032250000 0.000017126000 -0.000004500000
-0.000023631250 0.000007421875 0.000059181250 -0.000884375000 -0.000359959375
-0.000079338889 -0.000001388889 0.000207638889 -0.000786630556 -0.000291144444
-0.000108482143 -0.000801339286 0.000133333333 0.000211086905 -0.000064583333
0.000042146154 0.000000641026 0.000175961538 -0.000545033333 -0.000182212821
0.000002048276 -0.000000106897 0.000226400000 -0.001017024138 -0.000373920690
0.000096246667 0.000004580000 -0.000114586667 -0.000532920000 -0.000241666667

-0.000023217143 -0.000015000000 0.000036782857 -0.000976428571 -0.000408217143
0.000077622581 -0.000008467742 0.000142138710 -0.000870564516 -0.000325200000
0.000001656000 0.000154520000 -0.000022273000 -0.000092820000 -0.000011016000
0.000014062500 0.000000000000 0.000035254687 -0.000270604687 -0.000104003125

-0.000015798611 0.000000000000 0.000002083333 -0.000131683333 -0.000057031944
-0.000051413690 -0.000069568452 -0.000002529762 0.000032031548 -0.000008184524
-0.000008333333 0.000000000000 0.000035335897 -0.000142548718 -0.000052484615
-0.000001724138 0.000000646552 -0.000024137931 0.000013468966 -0.000000431034
-0.000003750000 0.000000520000 0.000070103333 -0.000168436667 -0.000054373333
-0.000023214286 0.000000891429 -0.000112857143 -0.000049642857 -0.000051251429
-0.000003427419 -0.000000403226 0.000110282258 -0.000261391935 -0.000083972581
0.000014897461 0.000045195312 -0.000064106445 -0.000378417969 -0.000163688965

-0.000025091146 -0.000001356337 -0.000100774740 -0.000401881510 -0.000197211372
-0.000019531250 -0.000000407366 -0.000008138021 -0.000330054874 -0.000143694196
0.000126201923 0.000000000000 0.000045947516 -0.000518954327 -0.000192682292
0.000049668642 0.000002020474 0.000163828125 -0.000772998384 -0.000279498922
0.000043619792 0.000000000000 0.000110348958 -0.000597333333 -0.000219729167
0.000011441964 -0.000004464286 0.000075892857 -0.000618723214 -0.000242325893

-0.000064107863 -0.000005355343 -0.000022525202 -0.000346207157 -0.000160504032
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-0.000005260417 -0.000166641590 0.000020420525 -0.000057056327 -0.000055655864
-0.000018962467 0.000000155423 0.000007905919 -0.000191333499 -0.000081018519
0.000040619658 -0.000000222578 0.000049857550 -0.000330416667 -0.000122751068
0.000044449234 0.000001197318 0.000046546935 -0.000532957375 -0.000208034004
0.000095777778 0.000000287037 -0.000006657407 -0.000100407407 -0.000031828704
0.000112349206 0.000002480159 0.000077130952 -0.000732888889 -0.000276289683
0.000047533602 0.000001749552 0.000037452957 -0.000586917563 -0.000232484319
-0.000013325184 -0.000488346443 0.000078050241 0.000156053359 -0.000022188563
0.000019983974 -0.000000333486 -0.000010921856 -0.000172752595 -0.000073211996
-0.000015009236 -0.000000384852 0.000183317939 -0.000690874384 -0.000248871100
-0.000018478175 0.000000869048 0.000043527778 -0.000179686508 -0.000067460317
-0.000013073129 -0.000000744898 0.000035819728 -0.000594812925 -0.000243942177
0.000003900730 -0.000000059524 -0.000037022849 -0.000256035906 -0.000116527458
0.000056949375 -0.000085348455 0.000052172913 -0.000131569691 -0.000054368836
0.000029840849 0.000001105217 0.000071839080 -0.000379778957 -0.000139257294
-0.000022970085 0.000000000000 0.000111914530 -0.000236914530 -0.000075051282
0.000139424908 -0.000000684982 0.000053802198 -0.000504120879 -0.000182919414
0.000034636063 0.000000000000 0.000031017370 -0.000352694376 -0.000136993383
0.000034720571 0.000135870987 0.000178151011 -0.000628391795 -0.000188275862
-0.000053522989 -0.000003229885 0.000014011494 -0.000221620690 -0.000096982759
-0.000039098522 -0.000004926108 0.000792798030 -0.001846985222 -0.000592364532
-0.000116796440 0.000000347608 0.000294424360 -0.000938020022 -0.000338223026
-0.000004511111 -0.001523388889 0.000388633333 0.000322833333 -0.000099133333
-0.000072619048 -0.000000590476 0.000357142857 -0.001125000000 -0.000397028571
-0.000007053763 -0.000002349462 0.000105849462 -0.000373317204 -0.000133064516
-0.000106057143 -0.002660873469 0.000672897959 0.000874742857 -0.000055232653

0.000016419355 -0.001828917051 0.000271027650 0.000195852535 -0.000243953917
-0.000018717482 -0.002460684183 0.000253865765 0.001210369407 0.000039081686
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ARPRdixT:- The DECODE * UT File

The DRCODE.OUT file is created from the DECODE subroutine. The

file contains the decoded parameter estimates along with their

respective term name for each response objective processed through the

DECODE subroutine.

The decoded parameter estimates for Y1 are:

INTERCEPT 77.324264176122
KNII 0.011007911148
MMIII 0.026233718634
PKEEP 0.101039127696
MICBM 0.026976605200
POSC3 -0.003484952535
POSTRIC4 0.010032719584
TRID5 0.023554792172
B-52PEN -0.076030512259
B-52CMC -0.012053095167
FB111PRN -0.031744888661
BiB -0.022999209907
ATB 0.011530612100
MMII ' MMII -0.000000317827
MMII 2 MMIII -0.000014296296
MMII * PKEEP -0.000016832889pMMII 2 MICBM -0.000011333333
MMII * PQSC3 -0.000009548611
MMII * POSTRIC4 -0.000003086420
MMII * TRID5 -0.000003447354
MMII * B-52PEN -0.000004736752I MII * B-52CMC -0.000000910345
MMII * FB111PEN 0.000002315556
MMII * BIB 0.000008016508
MMII 2 ATD 0.000014516129I III 2 MMIII -0.000010100?46
MMIII * PKKP -0.000065055111
MMIII ' M[CBM -0.000018444444
MMIII * POSC3 0.000008072917
MM[I[ * POSTRIC4 -0.000021334568
MMIII * TRID5 -0.000015046296
MiII * B-52PEN 0.000000623362
MMIII * B-52CHC -0.000017816092
MMIII * FB111PEN 0.000009629630
MMIII * BiD 0.000026984127
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The decoded parameter estimates for YI are:

MNIII * ATB -0.000022222222
PK98P 2 PKEgP -0.000389908000
PK89P * HICBM -0.000186500000
PKEIP * POSC3 -0.000023631250
PKERP * POSTRIC4 -0.000079338889
PKRKP * TRID5 -0.000108482143
PKEKP * B-52PEN 0.000042146154
PKKgP * B-52CHC 0.000002048276
PKEEP * FB111PRN 0.000096246667
PKKKP * BIB -0.000023217143
PKNEP * ATB 0.000077622581
"ICBH • HICBM 0.000001656000
HICBM * POSC3 0.000014062500
HICB * POSTRIC4 -0.000015798611
HICBM * TRID5 -0.000051413690
NICBM • B-52PgN -0.000008333333
NICB * B-52CHC -0.000001724138
MICBH * FBI11PBN -0.000003750000
MICBM • BIB -0.000023214286
MICBN * ATB -0.000003427419
POSC3 * POSC3 0.000014897461
POSC3 * POSTRIC4 -0.000025091146
POSC3 * TRID5 -0.000019531250
POSC3 * B-52PEN 0.000126201923
POSC3 * B-52CMC 0.000049668642
POSC3 * PB111PEN 0.000043619792
POSC3 2 BIB 0.000011441964
POSC3 * ATB -0.000064107863
POSTRIC4 * POSTRIC4 -0.000005260417
POSTRIC4 * TRIO5 -0.000018962467
POSTRIC4 • B-52PEN 0.000040619658
POSTRIC4 * B-52CHC 0.000044449234
POSTRIC4 • FBllPEN 0.000095777778
POSTRIC4 2 BIB 0.000112349206
POSTRIC4 * ATB 0.000047533602
TRID5 2 TRID5 -0.000013325184
TRID5 2 B-52PEN 0.000019983974
TRIOS ' B-52CHC -0.000015009236
TRID5 ' FB111PgN -0.000018478175
TRID5 * BIB -0.000013073129
TRID5 * ATB 0.000003900730
B-52PSN * B-52PBN 0.000056949375
B-52PEN * B-52CMC 0.000029840849
B-52PN * FBIL1PEN -0.000022970085
B-52PEN * BIB 0.000139424908
B-52PEN t ATB 0.000034636063
B-52CHC t B-52CHC 0.000034720571
B-52CMC * FBII1PKN -0.000053522989
B-52CHC 2 BIB -0.000039098522
B-52CMC * ATB -0.000116796440
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The decoded parameter estimates for YI are:

FB111PBN 2 FBIIIPEN -0.000004511111
FBIIIPUN t BIB -0.000072619048
FB111PRN t ATB -0.000007053763
BI * BIB -0.000106057143
BIB ' ATB 0.000016419355

ATB * ATB -0.000018717482

The decoded parameter estimates for Y2 are:

INTERCEPT -44.068251999832
MMII 0.037923677723
KMIII 0.076918390324
PKKP 0.482789803640
MICBM 0.009399783963
POSC3 -0.020772220255
POSTRIC4 0.104225414709
TRID5 0.347164417615
B-52PBN 0.013263306598
B-52CHC -0.027334587273
FBl11PEN 0.091265280058
BIB 0.568970436625
ATB 0.597974391233
MMII M MlII -0.000034616494
MMII ' MMII -0.000013987556
HMII ' PKERP -0.000085388444
MMII K ICBM -0.000027555556
HHII ' POSC3 0.000000130556
NMI * POSTRIC4 0.000000000000
MMII ' TRID5 -0.000035482804
MMII * B-52PBN -0.000000320798
MMII * B-52CHC 0.000000143295
MMII FB1L1PUN -0.000000277037
MHII •BIB -0.000000713651
MKII • ATB -0.000000179211
MMIII 2 MHIII -0.000046226173

MMIII * PKURP -0.000179444444
HIII t MICBM -0.000063860889
4MIII t POSC3 -0.000000911806
MNIII * POSTRIC4 -0.000000617284

MMIII t TRID5 -0.000101703175
MMIII * B-52PKN 0.000000427350
KMIII * B-52CMC -0.000000095785
mIllI * FB111PEN 0.000000647407
MMIII * BIB -0.000000713651
MMIII * AYB 0.000000089606
PKKP t PKEEP -0.001363172000
PKBUP * HICB 0.000086750000
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The decoded parameter estimates for Y2 are:

PK9UP 2 POSC3 0.000007421875
PKEiCP * POSTRIC4 -0.000001386889
PK99P * TRID5 -0.000801339286
PK9KP * B-52PBN 0.000000641026
PKUP * B-52CHC -0.000000106897
PKIRP * FBIlIPUN 0.000004580000
PKRKP * BIB -0.000015000000
PK9KP * ATB -0.000008467742
HICBH * HICBH 0.000154520000
NICBM * POSC3 0.000000000000
HICBM * POSTRIC4 0.000000000000
HICBM * TRID5 -0.000069568452
HICBH ' B-52PEN 0.000000000000
NICBN * B-52CMC 0.000000646552
MICBM * FBI11PEN 0.000000520000
HICBK * BiB 0.000000891429
MICBM * ATB -0.000000403226
POSC3 * POSC3 0.000045195312
POSC3 * POSTRIC4 -0.000001356337
POSC3 * TRID5 -0.000000407366
POSC3 * B-52PEN 0.000000000000
POSC3 * B-52CHC 0.000002020474
POSC3 * FB111PBN 0.000000000000
POSC3 * BIB -0.000004464286
POSC3 * ATB -0.000005355343
POSTRIC4 * POSTRIC4 -0.000166641590
POSTRIC4 * TRID5 0.000000155423
POSTRIC4 * B-52PBN -0.000000222578
POSTRIC4 B-52CNC 0.000001197318
POSTRIC4 * FB1llPRN 0.000000287037
POSTRIC4 * BIB 0.000002480159
POSTRIC4 t ATB 0.000001749552
TRID5 * TRID5 -0.000488346443
TRIO5 * B-52PBN -0.000000333486
TRID5 * B-52CHC -0.000000384852
TRID5 t VB111PBN 0.000000869048
TRID5 * BIB -0.000000744898
TRIDS * ATB -0.000000059524
B-52PEN * B-52PEN -0.000085348455
B-52PBN * B-52CMC 0.000001105217
B-52PEN * FBllPERN 0.000000000000
B-52PUN * BIB -0.000000684982
B-52PEN * ATB 0.000000000000
B-52CMC * B-52CNC 0.000135870987
B-52CHC t FBI11PSN -0.000003229885
B-52CHC * BIB -0.000004926108
B-52CHC * ATB 0.000000347608
FBI11IPM FB1I1IPgN -0.001523388889
FB111PBNUt BIB -0.000000590476
FBIIPRN * ATB -0.000002349462
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The decoded parameter estimates for Y2 are:

BIB * DIB -0.002660873469
BIB 2 AID -0.001828917051
ATB t AID -0.002460684183

The decoded parameter estimates for Y3 are:

INTERCEPT 108.617774456922
NNII -0.006888984802
MMIII -0.034608905814
PK29P -0.188186919048
MICBM -0.010141193473
POSC3 0.033040349702
POSTRIC4 -0.014357538219
TRID5 -0.042884634142
B-52PEN -0.057963822172
B-52CHC -0.230260844540
FB111PSN -0.087682051040

B1B -0.237347513019
AIB -0.103181827207
MMII * MMII 0.000005649778
MMII * MMIII -0.000004888889
MMII * PKK9P 0.000001722667
MMII * MICDM 0.000009055556
MMII * POSC3 0.000003732639
MMII * POSTRIC4 0.000012577160
MMII * TRID5 0.000003546561
MMII ' B-52PBN 0.000007300855
MMII * B-52CMC -0.000004358621
MMII t FBI11PEN -0.000005834074
MMII t B1B -0.000014364444
MMII * AID 0.000022401434
MMIII * MMIII 0.000010788543
MiII ' P1(K 0.000128000000
MMIII * MICBN 0.000014500000
MMIII * POSC3 0.000004427083
MMIII * POSTRIC4 0.000018595679
MiII t TRID5 0.000019874339
MMIII t B-52PBN 0.000003525926
MMIII * B-52CMC 0.000075670498
MMIII t MUM131 -0.000015000000
MMIII * BIB 0.000092857143
MMIII * AID 0.000010394265
P1(3K? * PKK131 0.000328720000
PK98P t MICBM -0.000032250000
PK9331 t POSC3 0.000059181250
PK93KP ' POSTRIC4 0.000207638889

*P1(3K? * TRID5 0.000133333333
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The decoded parameter estimates for Y3 are:

PKEEP • B-52PEN 0.000175961538
PKEEP ' B-52CHC 0.000226400000
PKEEP • FB111PEN -0.000114586667
PKEKP B BB 0.000036782857
PKEEP * ATB 0.000142138710

'ICBM * MICBM -0.000022273000
MICBM • POSC3 0.000035254687
MICBM * POSTRIC4 0.000002083333
ICBM * TRID5 -0.000002529762

MICBN * B-52PEN 0.000035335897
HICBM * B-52CMC -0.000024137931

HICBM * FBlllPgN 0.000070103333
MICBM * BIB -0.000112857143
ICBM * AT8 0.000110282258

POSC3 * POSC3 -0.000064106445
POSC3 * POSTRIC4 -0.000100774740
POSC3 * TRID5 -0.000008138021

' POSC3 * B-52PEN 0.000045947516
POSC3 * B-52CMC 0.000163828125
POSC3 t PBUIlPEN 0.000110348958
POSC3 * BIB 0.000075892857
POSC3 * ATB -0.000022525202
POSTRIC4 * POSTRIC4 0.000020420525
POSTRIC4 * TRID5 0.000007905919
POSTRIC4 • B-52PEN 0.000049857550
POSTRIC4 * B-52CMC 0.000046546935
POSTRIC4 * FBI11PEN -0.000006657407
POSTRIC4 2 BB 0.000077130952
POSTRIC4 * ATB 0.000037452957
TRID5 t TRID5 0.000078050241
TRIDS * B-52PEN -0.000010921856
TRID5 * B-52CMC 0.000183317939
TRID5 * FBl11PBN 0.000043527778
TR[D5 * BiB 0.000035819728
TRID5 * AYB -0.000037022849
B-52PSH * B-S2P9N 0.000052172913
B-52PEM * B-52CMC 0.000071839080
B-52PEN * FB111PEN 0.000111914530
B-52PEN * BIB 0.000053802198
B-S2PEN * ATH 0.000031017370
B-52CMC * B-52CMC 0.000178151011
B-52CMC * FI1PEN 0.000914011494

B-52CMC * BIB 0.000792798 ('r
B-52CMC * ATB 0.000294424 bO
FBIIlPKN • F8ll1PEN 0.00013114

FBIlLPIN t BIB 0.0003 71,1'4
FB111PBN ' AT8 U 000101044,

BiB A Y".
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The decoded parameter estimates for Y4 are:

IN MECxPT -358.700617186086
HMII 0.012140779900
MMIII 0.102736746640
PK3EP 0.749967267105
MICBM 0.157526907649
POSC3 0.703224201210
POSYRIC4 0.504962326655
t RIDS 0.279168491762
B-52P33 0.497093737632
B-52CNC 1.052439899331
FBlllPEN 0.447496049808
RIB 0.965873900930
ATB 0.506347899584
KNII ' MMIT 0.000026359506
MMI * MMIII 0.000018641975
MII * PKEEP 0.000023500444
MII * HICBM 0.000016083556
MII * POSC3 -0.000033940972
MMI * POSTRIC4 -0.000045022840
MMI • ?RIDS -0.000005307407
MMII 2 B-52PEN -0.000006267806
MHII * B-52CHC 0.000000048276
19II * FB111PEN 0.000000462222
KNIT ' BIB -0.000002063492
lMII * ATS -0.000078628674
MMIII * MMIII 0.000041107951
MIII PK8RP -0.000088055111
MMIII " HICBM 0.000043444444
MMIII POSC3 -0.000077256944
MMIII POSTRIC4 -0.000076582099
MMIII TRID5 -0.000024371693
MMill • B-52PN -0.000058083761
1414111 • B-52CHC -0.000203016858
MMIII * PBIIIPRIG -0.000067777778
MMIII B 31B -0.000477301587

MMIII • ATB -0.000162141935
PKERP * PKERP 0.000867312000
PK2IP * HICBM 0.000017126000
PKP • POSC3 -0.000884375000

PK3P 2 POSTRIC4 -0.000786630556
PKWEP * TRID5 0.000211086905
PKEEP * D-52PEU -0.000545033333
PKEEP * 9-52CHC -0.001017024138
PKP * FBIIPEN -0.000532920000

PKWEP * BIB -0.000976428571
PKIEP * ATI -0.000870564516
MICiM * MICBM -0.000092820000
HICBM POSC3 -0.000270604687
MICB' POSTRIC4 -0.000131683333
HICBM ? RIDS 0.000032031548
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The decoded parameter estimates for Y4 are:

HICBM * B-52PSM -0.000142548718
HICBM * B-52CHC 0.000013468966
HICBN * FBliPSN -0.000168436667
HICBN * BIB -0.000049642857
HICBM * ATB -0.000261391935
POSC3 * POSC3 -0.000378417969
POSC3 * POSTRIC4 -0.000401881510
POSC3 * ?RIDS -0.000330054874
POSC3 • B-52PON -0.000518954327
POSC3 ' B-52CHC -0.000772998384
POSC3 • FBlIPUN -0.000597333333
POSC3 * BIB -0.000618723214
POSC3 * ATB -0.000346207157
POSTR[C4 * POS1tIC4 -0.000057056327
POSYRIC4 * TRID5 -0.000191333499
POSTRIC4 * B-52PBN -0.000330416667
POSTRIC4 * B-52CNC -0.000532957375
POSTRIC4 * FRBIMPN -0.000100407407
POSTRIC4 * BIB -0.000732888889
POSTRIC4 * ATB -0.000586917563
TRID5 ' TRID5 0.000156053359
TRIDS ' B-52PSN -0.000172752595
TRID5 * B-52CHC -0.000690874384
TRIDS * FB11PI4 -0.000179686508
TRIDS * BIB -0.000594812925
TRID5 * ATB -0.000256035906
B-52P3N * B-52PBN -0.000131569691
B-52PEN * B-52CHC -0.000379778957
B-52PEN * FB11lPIN -0.000236914530
B-52PN * BIB -0.000504120879
B-52P3U * ATB -0.000352694376
B-52CHC * B-52CHC -0.000628391795
B-52CHC * FB111PN -0.000221620690
B-52C1C 2 BIB -0.001846985222
B-52CMC * AT] -0.000938020022
FBIiPEN * FBUlPBN 0.000322833333
FB111PZN * BIB -0.001125000000
FBIIIPUN 2 ATB -0.000373317204
BIB * BIB 0.000874742857
BIB ' ATB 0.000195852535
ATB t ATB 0.001210369407

The decoded parameter estimates for Y5 are:

INTERC9PT -125.214476892050
14H[I 0.012928076306
M1Il 0.054679718141
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The decoded parameter estimates for Y5 are:

PIEEP 0.387007125205
HICBM 0.069343867570
POSC3 0.333503145141
POSTRIC4 0.233209622389
TRID5 0.185094193969
B-52PU 0.189473105676
B-52CHC 0.380679221401
FP1lIPEN 0.183295167488
313 0.469928564274
AYB 0.318958846779
MMII M MIIT 0.000004993778
MMII m MiIIl 0.000001975309
MMII PKEWP -0.000010111111
MII ' HICBM 0.000001638667
MMII POSC3 -0.000014496528
MMII POSTRIC4 -0.000016242593
MMII TRID5 -0.000009449471
MII ' B-52PIM -0.000001531624
MII B 3-52CHC -0.000001149425
MMII • FBIhlPiN -0.000000925926
MII • BIB -0.000003729524
MMII • ATB -0.000026030108
MIII MMIII 0.000008793284
MMIII PKEEP -0.000052610667
MiII ' MICBM 0.000005861333
MIII • POSC3 -0.000030729167
MIII POSTRIC4 -0.000030594444
MIll • TRIDS -0.000029199735
MIII • B-52PEN -0.000023486610
MIl B B-52CHC -0.000069348659
Mill * FBI11PEN -0.000031204444
MMIII t BIB -0.000175634286
MMIII 9 ATI -0.000068458781
PK2EP • PKEP 0.000104908000
PKP • HICBM -0.000004500000
PKRIP • POSC3 -0.000359959375
PEEP • POSTRIC4 -0.000291144444
PKEEP • TRID5 -0.000064583333
PKE P • B-52P3N -0.000182212821
PKWP • B-52CMC -0.000373920690
PKWEP ' FB111PEN -0.000241666667
PKESP ' BIB -0.000400217143
PEP • ATB -0.000325200000
MICB HICBM -0.000011016000
MICBM • POSC3 -0.000104003125
HICBM • POSTRIC4 -0.000057031944
MICIM • TRID5 -0.000008184524
HICBM • B-52P3U -0.000052484615
MICuM B 3-52CMC -0.000000431034
MICBM t FBI1IPUN -0.000054373333
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rhe decoded parameter estimates for YS are:

NICBN * BIB -0.000051251429
NICUM * ATB -0.000083972581
POSC3 * POBC3 -0.000163688965
PO8C3 * POSTRIC4 -0.000197211372
POSC3 * TRID5 -0.000143694196
POSC3 t B-52P1N -0.000192682292
PO8C3 * B-52CHC -0.000279498922
POSC3 t FBI1PBK -0.000219729167
POSC3 t B1B -0.000242325893
PO8C3 * ATB -0.000160504032
POSTRIC4 * POSTRIC4 -0.000055655864
POSTRIC4 * TRIDS -0.000061018519
POSTRIC4 * B-52P3N -0.000122751068
POSTRIC4 t B-52CHC -0.000208034004
POSTRIC4 * FBII1P3U -0.000031828704
POSTRIC4 * BIB -0.000276289683
POStRIC4 * ATB -0.000232484319
TRID5 t TRIOS -0.000022186563
TRID5 * B-52P33 -0.000073211996
TRIDS t B-52CHC -0.000248871100
TRID5 * FBII1PRU -0.000067460317
RIDS * B13 -0.000243942177

TRID5 * LTB -0.000116527458
B-52PU * D-S2PO -0.000054366836
B-52P3M * B-52CNC -0.000139257294
B-52P3N t FBilPIB -0.000075051282
B-52P3O *BIB -0.000182919414
B-52PgN * AB -0.000136993383
B-52CHC * B-52CHC -0.000188275862
B-52C4C t FB1IPIU -0.000096982759
B-52CHC * BIB -0.000592364532
B-52CHC * AB -0.000338223026
FBh11PN * FB111P3N -0.000099133333
FBInPRN * BIB -0.00039702$571
FBI11PN * LTB -0.000133064516
BIB * BIB -0.000055232653
BID * ATB -0.000243953917
ATD t ATB 0.000039081686
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hNujL& ILL Pstua NOW Cinlet o EM D1 Fifth Obj i

The decoded parameter estimates are *fitted" with their para-

meters to make up the completed postulated model for the fifth

objective. The parameter estimates are taken directly from the decoded

parameter estimates listed for the fifth objective in Appendix T.

Y5 = - 125.214476892050
+ 0.012928076306 t (MMII)
4 0.054679718141 * (MIII)
+ 0.387007125205 * (PKElP)
4 0.069343867570 ' (MICUM)
+ 0.333503145141 * (POSC3)
4 0.233209622389 * (POSTRIC4)
+ 0.185094193969 * (TRID5)
+ 0.189473105676 2 (B52PUU)
+ 0.380679221401 * (B51CMC)
+ 0.183295167488 * (FBIIIPI4)
4 0.469928564274 2 (BB)
+ 0.318958846779 * (ATB)
+ 0.000004993778 • (MMII) * (MMII)
+ 0.000001975309 2 (MMIT) * (Mill)
- 0.000010111111 * (MMII) * (PKIKP)
+ 0.000001638667 • (MMIT) * (MICUN)
- 0.000014496528 • (MII) • (POSC3)
- 0.000016242593 2 (MMII) * (POSTRIC4)
- 0.000009449471 * (MMII) ' (TRIDS)
- 0.000001531624 ' (MII) * (D52PSN)
- 0.000001149425 2 (MMIT) • (B52C0C)
- 0.000000925926 2 (MMIT) * (FBll1PUN)
- 0.000003729524 f (MMIT) ' (B1B)
- 0.000026030108 ' (MMII) * (ATS)
+ 0.000008793284 * (MMITI) • (MMIII)
- 0.000052610667 * (MMITI) * (PKRIP)
+ 0.000005861333 * (MIII) * (MICBM)
- 0.000030729167 * (MMIII) * (POSC3)
- 0.000030594444 * (MIII) * (POSTRIC4)
- 0.000029199735 * (MMIII) * (TRIDS)
- 0.000023486610 * (tMIII) * (B52PIN)
- 0.000069348659 * (MMITI) * (BS2CHC)
- 0.000031204444 * (MMIII) * (FBIIIPEU)
- 0.000175634286 2 (MMIII) * (BIB)
- 0.000068458781 * (MMIII) ' (ATB)
+ 0.000104908000 * (PKI3P) * (PIZlP)
- 0.000004500000 2 (PKBlP) * (MICBM)
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- 0.000359959375 2 (PK3P) * (POSC3)
- 0.000291144444 * (PKIEP) * (POSTRIC4)
- 0.000064583333 2 (PK P) • (TRIDS)
- 0.000182212821 • (PKRUP) • (B52P1U)
- 0.000373920690 2 (PKERP) t (B52CNC)
- 0.000241666667 * (PKW) 2 (FBIlIPEN)
- 0.000408217143 * (PKRP) * (BiB)
- 0.000325200000 t (PKWP) • (ATB)
- 0.000011016000 t (NICEM) * (NICER)
- 0.000104003125 t (NICB) t (POSC3)
- 0.000057031944 * (NICBE) t (POSTRIC4)
- 0.000006184524 * (NICER) * (TRIDS)
- 0.000052484615 * (NICER) t (352PSH)
- 0.000000431034 • (NICB) 2 (52CMC)
- 0.000054373333 * (NICER) * (FBII1PI)
- 0.000051251429 • (NICER) 2 (313)
- 0.000083972581 t (NICER) 2 (ATB)
- 0.000163668965 * (POSC3) • (POSC3)
- 0.000197211372 2 (POSC3) * (POSTRIC4)
- 0.000143694196 2 (POSC3) * (?RIDS)
- 0.000192682292 • (POSC3) * (B52P33)
- 0.000279490922 2 (POSC3) * (B52CNC)
- 0.000219729167 t (POSC3) 2 (FDII1PN)
- 0.000242325693 * (POSC3) • (BIB)
- 0.000160504032 f (POSC3) * (ATE)
- 0.000055655864 t (POSYRIC4) 2 (POSTRIC4)
- 0.000081018519 • (POSTRIC4) • (TRIDS)
- 0.000122751068 * (POSYRIC4) t (152P14)
- 0.000208034004 t (POSTRIC4) • (B52CRC)
- 0.000031828704 • (POSYRIC4) * (FDIUP)
- 0.000276289683 t (POSYRIC4) 2 (B1)
- 0.000232484319 t (POSTRIC4) * (ATB)
- 0.000022188563 t (?RIDS) 2 (TRIDS)
- 0.000073211996 2 (TRIDS) t (BS2PUN)
- 0.000246871100 • (TRIDS) * (D52CNC)
- 0.000067460317 2 (TRIDS) t (FhIPIW)
- 0.000243942177 • (TRIDS) t (BiB)
- 0.000116527458 * (TRID5) * (AYE)
- 0.000054368836 * (352PU) * (DS2PEU)
- 0.000139257294 * (BS2PU) 2 (D52CNC)
- 0.000075051282 • (B52P3U) • (VllP3U=)
- 0.000162919414 * (3S2PU) 2 (BIB)
- 0.000136993383 • (B52P3U) t (ATB)
- 0.000188275062 t (B52CNC) 2 (052CNC)
- 0.000096982759 * (B52CNC) • (FBlilPEN)
- 0.000592364532 2 (B52CNC) 2 (313)
- 0.000338223026 • (B52CNC) 2 (ATE)
- 0.000099133333 * (FEIIIPEK) * (rIlilPEN)
- 0.000397026571 * (Fn111PU) * (BIB)
- 0.000133064516 • (FBI1PU) 2 (AYB)
- 0.000055232653 * (3ID) 9 (BID)
- 0.000243953917 * (BI) * (ATB)
+ 0.000039081686 9 (ATE) t (ATD)
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The full postulated model for the fifth objective (regression

output is shown in Appendix 0) Is reduced from 90 variables to 16

variables (INTRCPY not included). The regression output for the

reduced model Is shown below. The deleted variables are shown contri-

buting nothing (zero) to the model sum-of-squares (SSR). The reduced

variables are shown last. Compare the results of this appendix with the

results for the full model In Appendix 0.

Regression Output for Dependent Variable: Y5

Model Sum of Error Sum of Total Sum of
Squares (SSR) Squares (83) Squares (SSTO) R-Square

10274.32 780.20 11054.52 0.9294

Parameters Of Y5 Sorted In Ascending Order
By Their Sum Of Squares

Type I Sum Percent Summed Percent
Number Variable of Squares Of SSR Of SSR

1 14II ' MII 0.000 0.00 0.00
2 MmIII M IMIII 0.000 0.00 0.00
3 PK33 * PKE3P 0.000 0.00 0.00
4 MICBM * HICBU 0.000 0.00 0.00
5 POSC3 • POSC3 0.000 0.00 0.00
6 POSTRIC4 • POSTRIC4 0.000 0.00 0.00
7 TRIDS * TRIDS 0.000 0.00 0.00
8 D-52P1 * D-52P11 0.000 0.00 0.00
9 9-52CIHIC * D-52CMC 0.000 0.00 0.00
10 FMllPiN • FBIIlIPIN 0.000 0.00 0.00
11 BIB • DI 0.000 0.00 0.00
12 ATS 2 ATB 0.000 0.00 0.00
13 MMII * MMIII 0.000 0.00 0.00
14 MMIK * PKEW 0.000 0.00 0.00
15 MMII I NICBM 0.000 0.00 0.00
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Parameters of Y5SBorted in Ascending order
By Their Sum Of Squares

Type I Sun Percent Su md Percent
Number variable of Squares Of SSR Of SSR

16 MMII * POSC3 0.000 0.00 0.00
17 MiI * POSTRIC4 0.000 0.00 0.00
is MMII * TRIDS 0.000 0.00 0.00
19 MiI 2 B-52PIN 0.000 0.00 0.00
20 MKII * B-52CMC 0.000 0.00 0.00
21 MMII * FD111PSN 0.000 0.00 0.00
22 MMII * B1D 0.000 0.00 0.00
23 MKII 2 ATD 0.000 0.00 0.00
24 MMII! * PEEDP 0.000 0.00 0.00
25 MMIII * MICBM 0.000 0.00 0.00
26 Mill POSC3 0.000 0.00 0.00
27 Mill PO8TRtIC4 0.000 0.00 0.00
28 MMIII *TRIDS 0.000 0.00 0.00
29 Mmill B-52P3N 0.000 0.00 0.00
30 MKIII B -52CHC 0.000 0.00 0.00
31 MiII * VDI1IPEN 0.000 0.00 0.00
32 Mill 2 B1B 0.000 0.00 0.00
33 Mill AID 0.000 0.00 0.00
34 PKEP ' MICDI4 0.000 0.00 0.00
35 PKUP * POSC3 0.000 0.00 0.00
36 PKEW * POSTRIC4 0.000 0.00 0.00
37 PEEDP 2 ?RIDS 0.000 0.00 0.00
38 PEWX * B-52PEN 0.000 0.00 0.00
39 PEWP 2 F9IlIPIN 0.000 0.00 0.00
40 PKEW 2 B1B 0.000 0.00 0.00
41 PEIIP * ATB 0.000 0.00 0.00
42 MICBM * POSC3 0.000 0.00 0.00
43 MICDM * POSTRIC4 0.000 0.00 0.00
44 MICBN 2 TRID5 0.000 0.00 0.00
45 MICIN * B-52P3N 0.000 0.00 0.00
46 MICBM * B-52CMC 0.000 0.00 0.00
47 MICDM * F3111PEM 0.000 0.00 0.00
48 MICDN 2 3I3 0.000 0.00 0.00
49 MICBM 2 ATB 0.000 0.00 0.00
50 POSC3 * POSTRIC4 0.000 0.00 0.00
51 POSC3 * 0-52PU 0.000 0.00 0.00
52 POSC3 * B-52CHC 0.000 0.00 0.00
53 POSC3 * FDIlIP9N 0.000 0.00 0.00
54 POBC3 * BIB 0.000 0.00 0.00
55 POSC3 * LTD 0.000 0.00 0.00
56 POSTRIC4 * TRID5 0.000 0.00 0.00
57 PO8TRIC4 * B-52PBN 0.000 0.00 0.00
58 POSTRIC4 9 D-52CHC 0.000 0.00 0.00
59 POSTRIC4 * FIIIPZ 0.000 0.00 0.00
60 POSTRIC4 * 3I3 0.000 0.00 0.00
61 TRIOS 9 D-S2PIU 0.000 0.00 0.00
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Parameters Of YS Sorted In Ascending order
By Their Sum Of Squares

Type I Bum Percent Surned Percent

Number Variable of Squares Of SSR Of 83

62 TRID5 * FBIIIPBN 0.000 0.00 0.00
63 YRIDS 0 BIB 0.000 0.00 0.00

64 TRID5 ' ATB 0.000 0.00 0.00
65 B-S2PUN t B-52CHC 0.000 0.00 0.00
66 B-52PSN * FBIIPKU 0.000 0.00 0.00

67 B-52P3N * BIB 0.000 0.00 0.00

68 B-52PU * ATB 0.000 0.00 0.00

69 B-52CNC * FBlIIPUN 0.000 0.00 0.00

70 B-52CNC 2 B I B  0.000 0.00 0.00

71 8-52CHC 2 ATB 0.000 0.00 0.00

72 FBI11PS BIB  0.000 0.00 0.00

73 F3111PU 2 ATB 0.000 0.00 0.00
74 BI * LTB 0.000 0.00 0.00

75 HNII 33.690 0.33 0.33

76 POSTRIC4 * ATB 34.466 0.34 0.66
77 PKE3P * B-52CMC 37.628 0.37 1.03

78 POSC3 2 TRID5 38.192 0.37 1.40

79 rBlIIPi 39.125 0.38 1.78
80 KICBK 74.025 0.72 2.50

81 TRIOS * B-52CHC 94.090 0.92 3.42

82 B-52P1N 253.805 2.47 5.89

63 HIIIi 446.900 4.35 10.24

84 POSTRIC4 541.260 5.27 15.51
85 B-S2CHC 656.000 6.38 21.89

86 BIB 701.521 6.03 28.72

87 POSC3 733.597 7.14 35.86

8 PKMCP 1150.397 11.20 47.06
89 ATB 1446.373 14.10 61.15

90 TRID5 3991.239 30.65 100.00

For Y5: Residuals Associated Vith The Design Points

Design Point ASN's Response Postulated Hodel's Response Residual

1 65.75 87.76 -2.03

2 74.36 75.08 -0.72
3 68.57 65.21 3.36

4 82.90 84.10 -1.20

5 80.32 76.81 1.51
6 83.35 82.50 0.85

7 82.53 81.04 1.49
8 85.01 86.33 -1.32
9 73.23 73.62 -0.39
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For Y5: Residuals Associated vith The Design Points

Design Point ASH's Response Postulated Model's Response Residual

10 64.12 63.76 0.36
11 82.16 82.65 -0.49
12 79.48 77.36 2.12
13 56.77 58.48 -1.71
14 67.57 68.34 -0.77
15 69.47 69.79 -0.32
16 58.67 59.93 -1.26
17 83.88 86.46 -2.58
18 82.44 82.47 -0.03
19 79.43 76.66 2.77
20 81.03 60.64 0.39
21 73.86 72.16 1.70
22 78.27 77.98 0.29
23 74.90 72.69 2.21
24 81.25 81.17 0.08
25 79.58 77.19 2.39
26 72.99 71.37 1.62
27 78.11 75.35 2.76
28 66.84 66.88 -0.04
29 59.61 62.89 -3.28
30 69.76 68.71 1.05
31 76.52 73.99 2.53
32 66.78 68.18 -1.40
33 86.08 87.58 -1.50
34 84.25 88.19 -3.94
35 63.71 67.55 -3.84
36 75.38 76.63 -1.25
37 74.12 74.48 -0.36
38 85.41 85.43 -0.02
39 81.10 79.12 1.96
40 81.88 81.27 0.61
41 79.79 77.55 2.24
42 57.17 56.90 0.27
43 68.83 70.32 -1.49
44 67.53 68.17 -0.64
45 55.86 54.75 1.11
46 78.97 75.40 3.57
47 83.59 86.04 -2.45
48 62.45 65.40 -2.95
49 80.80 81.91 -1.11
50 80.16 80.34 -0.18
51 78.33 76.36 1.97
52 79.09 77.93 1.16
53 70.63 71.15 -0.52
54 77.41 75.14 2.27
55 72.33 72.99 -0.66
56 79.60 79.76 -0.16
57 78.84 78.19 0.65
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For YS: Residuals Associated With The Design Points

Design Point ASM's Response Postulated Model's Response Residual

58 72.92 74.21 -1.29
59 75.95 75.77 0.18
60 65.07 69.00 -3.93
61 61.96 67.44 -5.46
62 69.23 71.42 -2.19
63 74.75 73.57 1.18
64 67.54 69.59 -2.05
65 63.37 87.48 -4.11
66 79.47 80.86 -1.39
67 75.37 74.46 0.91
68 81.13 81.08 0.05
69 76.76 75.26 1.50
70 80.34 81.66 -1.32
71 75.53 74.89 0.64
72 80.34 80.71 -0.37
73 76.29 74.09 2.20
74 64.53 67.68 -3.15
75 76.02 74.31 1.71
76 65.92 68.49 -2.57
77 54.30 61.87 -7.57
78 66.28 68.27 -1.99
79 76.39 75.04 1.35
80 65.24 68.64 -3.40
81 86.46 89.98 -3.50
82 79.88 82.54 -2.66
83 79.38 80.98 -1.60
84 85.98 88.42 -2.44
85 74.40 72.62 1.78
86 75.00 74.19 0.81
87 71.84 70.45 1.39
88 83.84 86.24 -2.40
89 77.09 74.65 2.44
90 76.55 73.09 3.46
91 83.35 84.66 -1.33
92 70.66 68.88 1.78
93 54.97 57.29 -2.32
94 58.06 58.86 -0.80
95 67.65 66.75 0.90
96 65.05 65.18 -0.13
97 85.18 08.60 -3.42
98 81.68 81.98 -0.30
99 80.20 77.99 2.21

100 83.76 84.62 -0.86
101 70.65 68.82 1.83
102 73.83 72.81 1.02
103 72.04 71.35 0.69
104 84.45 87.15 -2.70
105 80.93 80.53 0.40
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For YS: Residuals Associated Vith The Design Points

Design Point AZHOs Response Postulated Model's Response Residual

106 79.38 76.54 2.84
107 83.03 83.17 -0.14
108 68.51 67.37 1.14
109 57.26 60.75 -3.49
110 64.52 64.73 -0.21
111 66.66 66.18 0.48
112 59.41 62.20 -2.79

113 83.45 87.27 -3.82
114 76.56 77.75 -1.19

115 74.34 71.35 2.99

116 81.50 80.86 0.64
117 79.87 76.88 2.99

118 81.96 83.28 -1.32

119 78.96 78.00 0.96
120 80.57 81.98 -1.41
121 73.43 72.47 0.96

122 64.53 66.06 -1.53

123 78.45 75.58 2.87

124 74.62 71.60 3.02

125 57.24 62.08 -4.84
126 69.35 68.48 0.87

127 74.92 73.77 1.15
128 68.19 67.37 0.82
129 82.11 82.54 -0.43
130 81.54 80.97 0.57

131 79.43 76.74 2.69
132 80.01 78.30 1.71
133 66.49 67.66 -1.17
134 76.30 76.23 0.07
135 75.18 74.78 0.40
136 81.28 81.09 0.19

137 80.69 79.52 1.17
138 78.53 75.29 3.24

139 79.14 76.85 2.29

140 65.00 66.20 -1.20
141 62.43 64.64 -2.21
142 73.65 73.21 0.44
143 75.09 74.66 0.43
144 63.65 66.09 -2.44
145 81.49 82.48 -0.99
146 77.65 75.86 1.79
147 77.04 74.30 2.74

148 80.91 80.92 -0.01
149 79.96 78.77 1.19

150 80.54 80.33 0.21

151 77.37 75.05 2.32
152 78.50 77.20 1.30
153 69.46 70.58 -1.12
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For Y5: Residuals Associated Vith The Design Points

Design Point ASN's Response Postulated Model's Response Residual

154 66.37 69.01 -2.64
155 77.52 75.64 1.86
156 76.39 73.49 2.90
157 65.23 66.86 -1.63
156 68.32 68.43 -0.11
159 76.47 73.71 2.76
160 73.47 72.15 1.32
161 85.51 90.37 -4.86
162 79.69 80.85 -1.16
163 75.20 74.23 0.97
164 82.94 83.75 -0.81
165 79.89 76.97 2.92
166 82.66 83.60 -0.94
167 77.07 75.12 1.95
168 80.15 81.89 -1.74
169 73.55 72.37 1.18
170 66.68 65.75 0.93
171 76.99 75.27 1.72
172 69.67 68.50 1.17
173 55.80 58.98 -3.18
174 64.22 65.60 -1.38
175 76.60 74.08 2.52
176 72.01 67.46 4.55
177 82.68 83.10 -0.42
178 75.67 75.66 0.01
179 70.73 67.77 2.96
180 79.73 79.36 0.37
181 78.68 77.21 1.47
182 81.82 80.95 0.87
183 80.75 79.50 1.25
184 81.84 81.65 0.19
185 74.58 74.21 0.37
186 66.38 66.32 0.06
187 78.74 77.91 0.83
188 77.51 75.76 1.75
189 62.57 64.17 -1.60
190 72.61 72.06 0.55
191 74.48 73.51 0.97
192 65.14 65.62 -0.48
193 75.24 74.67 0.57
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Taken fEom the DRCOO.OUt file, the decoded coefficients for the

fifth obJective's reduced postulated model are shown below. Compare

this output with the decoded output Eor the full postulated model for

the fifth objective shown in Appendix T.

The decoded parameter estimates for Y5 are:

INMT RCPT -3.687629292556
Mil 0.003225022222
MMIII 0.011744444444
PKEUP 0.121438027586
NICBN 0.010754700000
PO8C3 0.077041093750
POSTRIC4 0.054804722222
TRIDS 0.105682105911
B-52PN 0.025530897436
*-52CHC 0.115705609655
FBIIlPED 0.026062666667
BIB 0.094593714206
ATB 0.149263970495
M1i t MI 0.000000000000
MII 6 11111 0.000000000000
NIl * PK3IP 0.000000000000

MMII * HICBM 0.000000000000
Mil 2 POSC3 0.000000000000
Mill * POSTRIC4 0.000000000000
Mill * ?RIDS 0.000000000000
Mill 2 B-S2P=I 0.000000000000
1il 2 3-52CHC 0.000000000000
Mil FD11=PU 0.000000000000
MMII * BIB 0.000000000000
M6il ' ATB 0.000000000000
1mi * MllI 0.000000000000
Mill 1 PK3EP 0.000000000000
M3i61 2 MICBM 0.000000000000
MillI * POSC3 0.000000000000
MIII ' POSTRIC4 0.000000000000
iIII * TRIDS 0.000000000000

MMIII * B-S2PUD 0.000000000000
Mi64ll B-52CHC 0.000000000000
MMIll * FMIIPU 0.000000000000
1Mill * 1B3 0.000000000000
1l1 * A"E 0.000000000000
PKWEP t PKZlP 0.000000000000
PKR2I * HICM 0.000000000000
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PKEEP POSC3 0.000000000000
PEEP * POSTRIC4 0.000000000000
PKIEP M tlD5 0.000000000000
PEEP t B-52PEU 0.000000000000
PKEMP t B-52CNC -0.000373920690
PKEIP * FBllPBU 0.000000000000
PK3BP t BI3 0.000000000000
PKWP * A"! 0.000000000000
HICBM • NICBU 0.000000000000
NICN4 * POSC3 0.000000000000
NICBM * POSTRIC4 0.000000000000
HICBM * TRID5 0.000000000000
HICIl t 8-52PM 0.000000000000
NICBE t B-52CHC 0.000000000000
HICUN 0 FBIiPI 0.000000000000
NICUN * BIB 0.000000000000
"ICBN t ATB 0.000000000000
PO8C3 * POSC3 0.000000000000
POSC3 2 POSTRIC4 0.000000000000
POSC3 ' TRIDS -0.000143694196
POSC3 * B-52PEl 0.000000000000
PO8C3 * B-52CC 0.000000000000
POSC3 t FBIPUN 0.000000000000
PO8C3 ' BIB 0.000000000000
POSC3 • ATB 0.000000000000
POSTRIC4 * POSTRIC4 0.000000000000
POSYRIC4 2 TRIDS 0.000000000000
POSTRIC4 * I-52PER 0.000000000000
POSTRIC4 * B-52CHC 0.000000000000
POBTRIC4 2 P lIlPEN 0.000000000000
POSTRIC4 2 BiB 0.000000000000
POS1RIC4 * ATB -0.000232484319
TRIOS • RIDS 0.000000000000
TRIDS B-52PE3 0.000000000000
TRIOS • B-52CNC -0.000248871100
TRIDS • PBh1lPE 0.000000000000
TRIOS * BID 0.000000000000
TRIOS * ATB 0.000000000000
B-S2PrM * D-52PU 0.000000000000
B-52PB * B-52CHC 0.000000000000
B-52Pu * FBI11PEU 0.000000000000
B-52PEU • BIB 0.000000000000
B-S2PEU t ATB 0.000000000000
B-S2CHC • D-52CC 0.000000000000
B-S2ChC • FDIIIPWn 0.000000000000
B-52CHC * BIB 0.000000000000
B-S2CNC 2 ATB 0.00000000000
muN * FBiuPEU 0.000000000000
FDIMPEM • BIB 0.000000000000
FIIhIPEU * AT! 0.000000000000
BIB * BIB 0.000000000000
BIB * AT 0.000000000000
ATs t AT 0.000000000000
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